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Introduction 


ён THIS 14. THE SECOND BOOK INA. SERIES оғ NOTEBOOKS. ‹ DESIGNED | 
AROUND THE HANOWRITTEN PAGE. _ | Е re ы 


С PREVIOUS WORKS STYLED IN THIS FORMAT. RECEWED INT one 
INTEREST AND THIS HAS SPURRED. МЕ то RELEASE ЊЕ FURTHER. 
COLLECTION. | | 


WRITING A PAGE 15 SIMILAR, То. ORAWING A CARTOON. | iT o a оф 

INSPIRATION & 10% PERSPIRATION, EACH PAGE REPRESENT 15 ОР то | 

---8 том DAYS EFFORT, AS NOTHING 15 BEGUN UNTIL THE. WHOLE 

__1рЕд FOR THE PAGE, 15 REALIZED. FROM CONCEPT ТО COMPLETION 
OCCOPIES A LOT OF TIME BECAUSE OF THE ATTEMPT To CONDENSE 

а LoT ох INFORMATION INTO A SMALL SPACE. | 


Т - FINAL RESULT IS EFFECTIVE BECAUSE EVEN 4 сам 
haptas сш ГТ. 


TRANSISTOR URCLITS, ALTHOUGH BEING. PHASED бит, ARE AN IDEAL 
WAY OF INTROOUCING ELECTRONICS . “THEY FORM | SIMPLE BUILDING 
BLOCKS WHICH REQUIRE A FORM OF UNDERSTANOING THAT 15 
PECULIAR TO ELECTRONICS, WITH SUFFICIENT. KNOWLEDGE , CIRCUITS 
сам “ Come білме” & THE DESIGNER CAN “SEE” THEM 
OPERATING —— LONG BEFORE THEY ARE CONSTRUCTED. 


WHEN YOU SEE THIS ТОО, THE REMAINDER, OF ELECTRONICS FALLS 
“INTO PLACE MUCH EASIER. PIEMAL CIRCUITS BECOME 
COMPREHENSIBLE, MICROPROCESSOR, OPERATION BECOMES CLEAR 
AND You ADVANCE TO THE STAGE OF радай COMPUTER, 
PROGRAMS. 


AND BELIEVE МЕ, SOME READERS HAVE ALREADY RISEN TO THIS 

LEVEL. WE сам SEE THEIR PROGRESS THROUGH THE KITS 

Бом BUN EHE QUESTIONS THEY ASK & THE PROGRAMS THEY 
обмт. 


LAM зове жар WILL FIND "THE CONTENTS OF THIS BOOK, А GuIDE 
To THIS END 


REMEMBER THIS PHRASE: 


“THE DIFFERENCE BETWEEN NOT KNOWING & Й 
FULLY UNDERSTANDING IS TWO WEEKS / 


COLIN MITCHELL . 
JUNE 1984 
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ee ELECTRONICS 5 A WONDERFUL MEDIUM. FOR DISCUSSION, шото 
С BUT 0 SONO INFoRMED YOU MUST USE THE CORRECT JARGON. TAKE 
1 THE CASE ОР CONSTRUCTION, WHILE YOu 00 THE перде Ще “абв; 
FRIEND. IS IN- CHARGE OF DEALING OUT THE. PARTE. 
HERE 15 How TO any тов, THEM. 


Pass ‘uS а. A ЕЕ БАНИ ae ал Е EN 


BETE REQUEST ASKS FoR A 47K втт RESISTOR, hid д ока RESISTOR. 
а ни ONLY HAVE ТО SAY “ er — THE REST 15 UNOERS TOG... | 


Ка ЕЕ а RED LED — For OMER Colours You ASK For | 
GREEN, ORANGE OR YELLOW., ne 


 ATRANSISTOR IS JUST AS EASY. 
Ae “PASS, 105 (ај 547. 


THis MEANS A SMALL - SIGNAL NPN TRANSISTOR. Never SAY віт EN 
(ток, BI-PoLAR JUNCTION TRANSISTOR) OR" “TRANNY. WHEN EVER МОМ. 
_ SAY TRANSISTOR, You MEAN THE COMMON Мем ТУРЕ. КАЯ You WANT 
_ Я Ррмр — ASK FoR “A 557" OR “Bc 55 
noon Хоу WANT Я ТЕТ OR UJT OR PUT ‘ASK FOR “THE FET" OR 
“THE PUT". YOUR FRIEND WILL KNOW WHICH TYPE IS ток, 


ae THE PROAECT. 
Б pass ‘US A SIGNAL DIODE . 
THis” MEAN 5 Я ич OR мащ 8. 
855 us а Pow ER DIODE. 
ШЫ MEANS а ам юр! IN 4002 OR чоо. 
ARE. ALL вакса. | ae 
FORAN ELECTROLYTIC, say: шы 2 Mickey” "47 MICKEY ". 


INTEGRATED CIRCUITS ARE REFERRED ТО BY THEIR IMPORTANT 
NUMBERS. тов. Я CMOS DEVICE SAY: 


Pass THe 401“ OR PASS THE 4001” 


(006. FRIEND 15 SUPPOSED ТО BE ALERT ENOUGH То Know THAT 
об WANT AN IC AND мот A 4001 DIODE 7. 
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It is nearly 120 years since the first 
practical telephone was invented by 
Alexander Graham Bell and Thomas 
Watson. 

A book | recently picked up vividly re- 
lates the story of the incident we know 
so well where Dr Watson and Alexander 
Graham Bell were experimenting on a 
crude microphone/ earphone device 
when spoken words were clearly 
detected at the receiving end. 

The incident is so powerful I think it’s 
appropriate we go back and pick up the 
story.... 

In 1874 Alexander Graham Bell men- 
tally considered the possibility of con- 
structing a mechanism using a strip of 
iron against an electromagnet that would 
vibrate when it received voice 
waveforms. 

At the receiving end he considered a 
similar device could be used to 
reproduce the speech. 

But Bell doubted the apparatus would 
operate over any appreciable distance 
and did not continue with it any further. 

At the time he was being financed for 
an experiment on multiplex telegraphy; 
a system that enabled several mes- 
sages to be sent simultaneously over а 
single wire. 

But his real interest lay in a speaking 
telephone, yet his backers refused his 
"wild scheme” and threatened to 
withdraw their funding if he did not con- 
tinue without digression. 

On a hot summers day in June 1875 
Bell was working with his assistant 
Thomas Watson on an experimental 
multiple telegraph device. This con- 
sisted of several electromagnets with 
‚ spring steel strips at the pole ends, that 
were free to vibrate at different frequen- 
cies. 

The idea was that the vibrating spring 
strips would induce currents in the coil at 
different frequencies and these would be 
detected at the other end by a similar 
instrument. 

There was considerable difficulty in ad- 
justing the instrument due to the hot 
weather; then the inevitable happened. 
The contacts of one spring became 
welded together. Watson plucked the 
reed free. Bell, who had his ear to the 
receiving reed distinctly heard the twang 
of the reed. He realised this effect was 
identical to his theory of the speaking 
telephone and immediately даме Wat- 
son instructions to construct a model to 
further test his theory. 


120 Years of the Telephone 


His experimental phone was named 
the "Gallows" as it incorporated a 
wooden frame similar to the apparatus 
of the same name. 

К used a membrane diaphragm that 
would vibrate much more efficiently than 
the metal spring as used in the telegraph 
instrument. 

Bell managed to convince his backers 
that his idea of a speaking phone was 
feasible and was allowed to proceed 
with this experiments. 

On 14th February 1876, Bell applied 
for a patent on his "Gallows" telephone 
and on 7th March 1876 it was issued. 


This article was inspired 
by a book called "100 
Years of the Telephone," 
by Frank A Soden. This 
well-presented book gives 
a fascinating inside to the 
development of the 


telephone and its gradual 
introduction into the sub- 
urbs of Melbourne. 
A few copies of his limited 
edition are available from 
the author by ringing: 
(03) 762 1501. 


This patent has been described as pos- 
sibly the most valuable patent ever to be 
granted. 

In an attempt to im- 
prove the sensitivity of 
the transmitter (the 
microphone), Bell 
changed to a liquid 
transmitter similar to the 
one developed by Elisha 
Gray, in which a weak 
acid in a tube was 
suspended under a 
diaphragm. 

Electrodes were 
placed at the top and 
bottom of the column 
and the vibration of the 
diaphragm changed the 
resistance of the 
column. 

Bell was working in the 
laboratory one day with џ: 
the liquid transmitter and 


ER En 


Alexander Graham Bell’s first telephone 


The first telephone to transmit 
speech 


Watson was in another room with the 
receiver. 

Bell was about to test the transmitter 
when he spilt some of the acid on this 
clothes. 

He called to Watson - "Mr Watson, 
come here, І want you!" 

Watson rushed into the room shouting 
- "Mr Bell | heard every word you said, - 
clearly!” The telephone had arrived. 

Sadly, the first demonstrations did not 
arouse very much interest from the 
public. The business world took very 
little notice and the newspapers ridiculed 
it. 

The first telephones were very 
rudimentary in operation, with the 
operator using a single device for both 
listening and talking, having to transfer it 


вж», 
in | мо 


мае есес Боа на скица int де 
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from mouth to ear to carry on the сопмег- 
sation. 

Later a second instrument was added 
but demand was not great as most 
phones were set up on an individual 
basis for focal communication. 

At one of the low points in Bells busi- 
ness venture, he offered to sell his 
patents to Western Union Telegraphic 
Company; but the offer was turned 
down. The device was considered a toy. 

At the time, the telegraph was well 
established as the best means of com- 
munication and few people could see 
the future of the "speaking Telephone.” 

However Bell persevered and formed 
his company "Bell Telephone Company” 
in 1877. 

Western Union continued to ignore the 
telephone but when its telegraph 
machines started to be replaced by 


telephones, they promptly formed the 
American Speaking Telephone Com- 
pany with three electrical inventors, 
Thomas A Edison, Elisha Gray and 
Amos F Dolbear. 

Edison had invented a microphone 
that worked on an entirely different prin- 
ciple to Bell’s, and was far superior in 
performance. 

His variable resistance transmitter 
used a carbon button beneath the 
diaphragm and this greatly improved the 
signal. 

A number of minor refinements were 
made to the transmitter, finally using 
carbon granules. These microphones 
were still in production until only about 
25 years ago. 

From a slow beginning, the telephone 
did not start to take off until it was ar- 
ranged зо. Ша! one purchaser could 
communicate with anyone else that had 
bought one of the devices. 

This introduced the need for an ex- 
change and the first of these were entire- 
ly manual. 

Subscribers were initially known by 
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name only, but as the number of sub- 
scribers grew, a numbering system was 
introduced so that each subscriber could 
be terminated at the exchange on a дна. 

This provided an easy way for the ex- 
change operator to locate a particular 
connection. 

Watching how the operator determined 
a particular line, (by rising up the grid, 
then across it}, was the inspiration of a 
number of inventors to produce the first 
semi-automatic exchange. The first of 
these used equipment that had to be 
operated by the subscribers and re- 
quired five lines - four for switching (one 
for the hundreds, one for the tens and 
one for the units of the number being 
called, with one for release of the switch- 
ing gear), one for speech and one for 
earth return. 

This was a very expensive installation 


EARLY MODEL PHONES 


1880 - 1920 


and with the introduction of the 
telephone dial, a fully automatic ex- 
change was soon available. 

The brilliance of these inventors can be 
seen by the fact that many of the com- 
ponents of the phone did not change for 
nearly 100 years. It is only recently that 
push-button, electronic phones, have 
come into production. 

Who would have thought the invention 
of such a simple device as the telephone 
would develop into one of the largest 
companies in the world? 

And who would have thought of the 
number of products that support and 
compliment the telephone? Products 
such as telex, answering machines and 
fax machines, video phones, and the list 
goes on. 

For a more fuller account of the 
development of the telephone, refer to 
an excellent publication by Mr Frank A 
Soden. It describes the first 100 years of 
the Telephone. 

It is well illustrated book, shows the 
development of the telephone from its 
inception in 1876 to the time when the 


book was released, in 1976. 

| have always been fascinated by the 
telephone and when you consider some 
of the original experiments in converting 
voice into signals were conducted with 
gas flames, you will appreciate the radi- 
cal departure of using electricity as the 
medium for experimentation. 

One of the first promoters of the 
telephone was almost jailed for attempt- 
ing to extort funds from "ignorant and 
gullible people” by stating the device will 
convey the human voice over metallic 
wires. 

"Well-informed people know it is im- 
possible to transmit the human voice 
over wires.” "It is hoped this criminal will 
be apprehended and punished for his 
crime.” 

How un-informed the well-informed 


were. 


Many hobbyists like making а project 
from start to finish. This includes making 
the enclosure, the PC board and all the 
extras such as front panel and mechani- 
cal accessories. 

The idea of building something from 
scratch has a certain fascination. | know 
the feeling, | had it when | started іп 
electronics. | made all my own mechani- 
cal assemblies as well as the 
electronics. 

The idea of making your own PC board 
is a part of this concept, however things 
have changed in recent times and this 
option is now against you. 

In this article | will cover the reasons 
why but firstly we will look at the develop- 
ment of the printed circuit board. 

In the "good old days" of valve projects, 
parts were soldered from one pin of a 
valve to another and a few tag strips 
were used for the extra components. 

Then came the "tag board” which had 
tags along each side and the parts were 
placed side-by side. 

The first sign of anything that looked 
like a circuit board was "matrix board.” It 
had holes spaced at .25" (5тт) and 
eyelets were fitted so that the parts could 
be soldered to them. 

The next big advancement was in- 
creasing the number of holes from 4 per 
inch to 10 per inch (.025mm). This was 
visually a very big advancement as it 
reduced the size of the layout by 60%. 

The next innovation was running strips 
of copper along the length of the under- 
side of the board to produce "strip- 
board.” This was highly successful in a 
primitive sort of way as it was one of the 
first forms of printed circuit board. The 
only problem is it forced you to lay out 
the parts according to the run of copper 
strips and not according to the demands 
of the circuit. 

Fortunately, along came the invention 
of the printed circuit board, and we have 
never looked back. 

The first of these boards was made 
from sheets of paper impregnated with 
bonding chemicals and placed together 
using heat and massive pressure. 

This type of board was very easy to 
work with and could be cut with a guil- 
lotine. Drilling could be done with an 
ordinary bench drill and the copper 
etched with low-cost chemicals. 

Since only simple equipment was 
needed to produce boards, the printed 
circuit industry started with back-yard 
manufacturers (small manufacturers). 

This situation existed for more than 10 
years and was the hey-day for 
Australian manufacture and develop- 
ment of electronic products such as 


MAKING YOUR OWN PC BOARDS. 


-і iteconomical? 


radios, stereos, and TV’s. 

Unfortunately the time for making the 
"home brew" PC board has now gone. 

The chemicals needed for etching the 
copper can no longer be supplied under 
the "dangerous chemicals act” and this 
makes it difficult for the hobbyist to set 
up his own etching line. Secondly, the 
used chemicals cannot be tipped down 
the drain and are not permitted to be 
dumped in the normal land-fills. 

The board itself has changed from 
paper bakelite to fibreglass and is more 
difficult to cut - requiring a very sharp 
guillotine. So, the reality of the situation 
is fairly grim. 

It is much better to leave the manufac- 
ture to the experts and buy ready-made 
boards. We have sold over 100,000 and 
everyone has commented on the low 
cost and superb quality of ours. 

It is not until you sit down and try to 
make one yourself that you realise how 
cheap ours are. 

Out of all the sales, the only group to 
baulk at buying them have been the 
schools. On a number of occasions they 
have rung with the request to buy a 
number of kits without the boards - they 
wanted the students to make them. 

It was to be a learning exercise, but 
even after we told them that even 
electronics manufacturers get their 
boards made by professionals, they did 
not comprehend the situation - they still 
want the students to make them. 

This would be ok if the average student 
was able to make a board that closely 
resembled something professional and 
had all the necessary features such as 
overlay and tinned tracks. 

But sadly this is not the case. Most 
"home-brews" are very poor second- 
rate cousin. 

None have overlays and the etching 
looks like it has been done with rats 
teeth. The end result is a project that 
looks nothing like the quality we produce 
and anyone seeing it will think it’s one of 
our boards! 

The few projects | have seen using 
home-brews have horrified me and | 
have now made it a policy to refuse to 


_ sell kits to anyone, including schools and 


clubs, if they intend to make their own 
boards. 

We have been sent projects, such as 
our car alarm, built on "home brews,” 
using parts from junk boxes. The boards 
had no overlay, no tinning on the lands 
and the parts were old, bulky and didn’t 
fit properly! 

Without an overlay it takes forever to 
work out the correct positions for the 
parts and the track-work has to be 


checked for accuracy. 

Once we got 20 car alarms for service. 
None of the home-made boards worked 
and it was impossible to service them 
without an overlay. The only solution 
was for the school to buy the correct 
boards and transfer the parts. Guess 
what! Every one worked first go! 

Another story goes back even further: 
A customer made his own TEC-1 com- 
puter board by hand-copying the track- 
work from the artwork on the back of 
issue 10 of our magazine. It looked to be 
a good effort at first glance but it took me 
about 2 hours to realise that one of the 
tracks had been copied incorrectly! 

| have since refused to carry out any 
repairs on boards like this but in those 
days | was "new” at knowing what 
problems we were in for. 

We were one of the first magazines in 
Australia to put overlays on all our 
boards and each board has sufficient 
identification on the overlay to build the 
project by simply by following the over- 
lay. 

Some magazines identify boards with 
numbers. | have a whole pile of boards 
from other magazines with numbers on 
them. | have no idea what any of them 
do as the numbers mean nothing to me. 
Imagine if you come across a board with 
"780391CDST on it. How аге you ех- 
pected to know which project it refers to? 
Especially when it does not have any 
overlay! What an absolute insult, 
producing a board without an overlay. 
Obviously the designer of these projects 
has never had the occassion to repair 
any of his designs! 

That’s why а PC manufacturer in NSW 
doesn’t make our boards. He only 
makes boards with computer numbers 
on them and doesn’t add overlays. 

| have refused to allow him to make our 
boards. | don’t care if we miss out on 
sales, | ат not going to change my ideas 
and ruin our reputation. 

The boards we produce are by far the 
best for the hobbyist. The reason why 
they are so cheap is due to the automatic 
process on which they are made. The 
drilling machine is a high speed com- 
puter controlled NC drill and even at 4 
hits per second (4 holes per second), the 
drilling takes up to one and a half hours 
for a panel to be completed. How could 
you possibly compete with this by hand 
drilling? 

If you are thinking of the economics of 
making your own boards, take it from us; 
we have ceased to hand produce 
prototype boards 10 years ago! 

It is just not economical to sit down and 
produce a one-off board - the drilling and 
etching is a long, slow job and the end 
result is nothing like the quality you get 
from the professionals. 
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-THE CURRENT. Limit - RESISTOR ай РУСКИ TINTE а: 171 
AND WHY 1115 IMPORTANT To CHOOSE | THEA кент. VALUE оғ RESISTANCE -| a 


_ ЕБЕСТАЕТ 
MICROPHONE 


IN THE TWO DIAGRAMS ABOVE WE SEE THE EFFECT ОТ. “CHANGING THE 
Limit RESISTOR FROM 22K TO IOK . THE Point To NOTE 15 THE 
INCREASED OUTPUT WAVEFORM WHICH RESULTS WHEN "THE RESISTOR 
IS REDUCED. THIS IS DUE To THE ПЕНЕВ VOLTAGE WHICH APPEARS. 
ACROSS THE MICROPHONE. WHY 2 1 


THE MICROPHONE & RESISTOR дет AS A VOLTAGE - OWIOER NETWORK. әл _ 
BECAUSE THE ELECTRET MICROPHONE 15 A SEMICONDUCTOR, DEVICE ‚THE | 
VOLTAGE ACROSS it WILL МОТ CORRESPOND 10 OHM'S LAW. THE 

ELECTRET 15 A FIELD EFFECT TRANSISTOR & HAS A NON - LINEAR 

(мом -OHM'S LAW) CHARACTERISTIC. THAT'S WHY THE VOLTAGE ACROSS 
IT RISES FROM “бу ТО 2:5м WHEN THE Limit RESISTOR CHANGES | 
FROM 22K то ок. 


IN THE FIRST CIRCUIT THE VOLTAGE ACROSS THE Mic 15 Tog Low . юу 
“THE “бу DOES NOT ALLOW ТІНЕ OUTPUT WAVEFORM TO зма IN THE ___ 
Low DIRECTION BECAUSE THE FET WILL NOT OPERATE BELOW “Бу. | 
бү HALVING THE Limit RESISTOR, "То IOK. „ ТНЕ VOLTAGE ACROSS THE 
MICROPHONE 15 INCREASED 70 25V. қыра 15: OUTPUT SWING 15 


INCREASED “=: S TIMES ! ion 


~SmV 
CIRCUIT а; OUTPUT, | a же 
OPTIMUM VALUE FOR LIMIT RESISTOR | 


№ THE LIMIT RESISTOR, IS REDUCED TO 4671 THE OUTPUT WAVEFORM DOES 
NOT INCREASE ABOVE 4OmV —_IN FACT IT REDUCES SLIGHTLY — THUS 
THE OPTIMUM VALUE IS IOK. THE REASON. FOR “THIS IS THE ЦК Те 
PRODUCES Ду ACROSS THE MICROPHONE ANO DOES МОТ ALLOW It ЛО 
SWING FOLLY IN THE HIGH DIRECTION. ай 


SOLUTION: DESIGN THE CIRCUIT Рд ТЕУ ACS ТІНЕ MICROPHONE , 
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REPLACING PNP TRANSISTORS WITH NPN TY PES 


СА CIRCUIT. CONTAINING. PN NSISTORS CAN BE CHANGED oR RE- 

STORS WILL OPERATE. THIS DOESN'T АЕ 
HERE IS AN EXAMPLE WHERE IT DOES WORK. 
IGE THE NPN FoR A PNP. 
J AN / THis 13 Еве CREUT WITHTHE 


“ARRANGED So THAT мем TRAN 
WORK FoR ALL CIRCUITS - 6 
_ ATTHE SAME TIME WE CAN 
THIS ISTHE Свсот AS Р 

ELECTRONICS MAGAZ 


TRANBISTORS REVERSED 


LED FLASHER мн[оч LED FLASHER рнојнен. 


BOTH THESE CIRCUITS OPERATE THE SAME WAY . THE ONLY DIFFERENCE 
“ISTHE PNP TRANSISTOR IN THE LEFT HAND CIRCUIT HAS BEEN CHANGED 
то AN NPN TRANSISTOR IN THE RIGHT-HAND CIRCUIT. & ALSOTHE NPN 
TRANSISTOR, TO A PNP TRANSISTOR 
Jo CARRY дут A CHANGE SUCH AS THIS THE CigcvIT 15 TURNED UP-SIDE- 

DOWN & THE POLARITY OF THE ELECTROLYTIC 1S REVERSED. 

ALL PNP TRANSISTORS MUST BE CHANGED TO NPN & ALL NPN CHANGED TO 
PNP. ANY DIODES KELECTROLNTICS MUST ALSO ВЕ REVERSED. | | 
THE CATHOOE OF THE LIGHT EMITTING Dione Must ALWAYS FACE THE 

NEGATIVE RAIL. | : 

BY STUDYING BOTH OF THESE CIRCUITS You WILL BE ABLE То SEE HOW 

PNP Ў NPN TRANSISTORS CAN BE DIRECTLY COUPLED TOGETHER. 

THE OPERATION OF THE BEEPER, CIRCUIT HAS ALREADY BREEN _ 

COVERED IN BOOK 4, P 46 Та ITWOULD ВЕ A VERY VALUABLE 
EXERCISE To TRANSFER THESE FACTS TO THE SECOND CIRCUIT. | 
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TOUCH SWITCH 


THIS CIRCUIT IS VERY IMPORTANT BECAUSE ITIS Я DIGITAL CIRCUIT & таша 
THE BASIS OF DIGITAL ELECTRONICS. 


A DIGITAL CIRCUIT 1S EASY TO DIAGNOSE BECAUSE EVERY аа ен 
15 EITHER CONDUCTING OR NON- CONDUCTING IN ONE STATE & CHANGES ше 
IN THE OTHER STATE. 


1486 CIRCUIT IS A TWO-STATE CIRCUIT — IT 15 EITHER ON ‹ oR OFF. 


TrA: IS A Con SIDERABLE AMOUNT OF AMPLIFICATION IN THIS сяст. Кока 
2 BUT WE WILL ВЕ DESCRIBING THE "TRANSISTORS AS “SWITCHES” 

THIS MEANS EACH TRANSISTOR WILL BE HITHER CONDUCTING oR. 

NON ~ CONDUCTING, 


THIS IS THE CIRCUIT WE WILL BE STUDYING: 


= 


19) ow- -LeveL (4 UPER- ALPHA рек, 


е LATCH 


0 
FEEDBACK 
RESISTOR 


AMPLIFIER , PAIR, оқ, | AMPLIFIER | 
Low- свим | HIGH -GAIN аш ока i 
і SWITCH “ SWITCH. ‹ ORWER- | 


TOUCH SWITCH 


| THERE ARE 4 SEPARATE BUILOING BERS? IN THIS CIRCUIT Ё EACH IS 
NAMED BENEATH THE DIAGRAM. 


' 
Џ 
! 
' 
р 


TRY то THINK OF EACH TRANSISTOR AS A SWITCH BECAUSE THAT IS 
-HOW THE CIRCUIT 15 OPERATING, OR ATTEMPTING To OPERATE. 


_ AT THIS STAGE You CANNOT TELL IF THE CIRCUIT 15 Ом ой, „ OFF 50 ме > = 
Н ај WILL STUDY те ааа ом LHE NEXT PAGE. | 
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SET НЕ CIRCUIT. (BE Low SHOWS THE COMPONENTS WHICH TORN THE LAMP ON. 
“THE OTHER COMPONENTS PLAY NO PART AT THE MOMENT. 


THE ` TURN-ON’ 
CiKRCUVIT. 


А THISISA 
SUPER- ALPHA 
PAIR, ANDIS EQUIVALENT ~ 
TO а SINGLE TRANSISTOR 
WITH ENORMOUS GAIN 


ТА НЕ RESISTANCE ОҒ YouR FINGER 16 SUFFICIENT То TURN ON THE SUPER— | 
ALOHA PAIR во THAT Qu “SEES" A Low VALVE OF RESISTANCE 
BETWEEN ITS BASE & NEGATIVE RAIL & THUS IT TURNS ON то LIGHT 


_ THE LAMP. 
_ Ном THE CIRCUIT STAYS ОМ, 
| THE 4M7 RESISTOR 15 THE SECRET То THE CIRCUIT STAYING ON. 


еф EICHE | 
ЧЕНА A THE FEEDBACK 
CIRCUIT. 


“THE VOLTAGE DROP 
ACROSS THE 4M7 1$ DUE TO 
CURRENT FLOW. 


ЛТТЫ 


oT 


СІНЕ 4M7 TAKES THE PLACE OF YOUR FINGER ТО KEEP THE LAMP 

“TURNED ON. THE DIAGRAM ABOVE SHOWS THIS. WHEN THE LAMP 
| iS ом. ABOUT Әу IS PRESENT ON ONE ENO OF THE 4M7. THIS 

_ PROVIDES THE BASE OF 92 WITH A "Товм - Ом" VOLTAGE ТО KEEP 
THE LAMP LIT. 


THIS TYPE OF ARRANGEMENT IS CALLED FEEDBACK BECAUSE 
THE NORMAL SIGNAL FLOW 15 LEFT- Тақ RIGHT. ------”- 
AND FEEDBACK IS RIGHT-TO-LEFT == - - - - 
THE 4M7 CAN ALSO бє CALLEO A LATCH CIRCUIT, 
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THE TURN “OFF CIRCUIT. | 


Е я THE CIRCUIT SHOWS THE ТЕТЕ? SUPPLYING A CURRENT (AND мотае) | 
~ FROM THE OUTPUT STAGE OF THE CIRCUIT. | 


WHEN A FINGER TOUCHES THE Der TERMINALS, THE BASE ОҒ © | WILL Бо 
_ RECEIVE A TURN-ON CURRENT FROM THE Фу Supply, THROUGH YouR _ 
_ FINGER . THE CURRENT FROM THE МҮ Міц. ВЕ DIVERTED TO _ 
EARTH ма THE COLLECIOR-EMITTER CIRCUIT OF 91. THIS 15. 

SHOWN ON THE DIAGRAM. | 


THUS THE SUPER- ALPHA PAIR WILL BE TURNED OFF AND THE ; 
АМР WILL GO OUT. ТІНЕ CURRENT “THROUGH THE 4M 7 WILL. 
CEASE & THE CIRCUIT WILL REMAIN OFF. 


QUESTIONS 


2221. WHAT WILL HAPPEN ЈЕ THE 4M7 IS REMOVED 2 

_ 2. DESCRIBE THE EFFECT OF REMOVING QI. 

223. WHATIS THE COMBINATION 92-02 CALLED ? 

a. 4. REPLACE THE «ток. WITH A 4К7. WHAT IS THE EFFECT 9 


| "азата Алан AVIN 
в зы ъмпзв <! Lay зна “NOL! мог Ор 19 Jo звы ЗИ. 
оі ІмЗузл 1431513306 3000942 WIM SIH_LL— AYUH 9моеачјб 
-y Ya9NIA WOOK BNILLIM х1 "ATIUYVICSNO) OIVAMO7 мэз 
SEH 02913 440 JHL АО азмидади зні. "ЗОНА WOOK HLIM 
330 1092515. JHL мај OL Lindi said Хазл LI ONIA тим под“ 
s на вната - 23405 
зе: зї Дун; 3!) 430 NYAL LON тим па JRL азлоизм 6119417? 
| теми дај. мо авг ЭМОС 
эліна NO awo Ало тим 21 мо ногыт, JON TUM LIU) Зи “| 


SYAMSNY 
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_ HOw THE SUPER-ALPHA' PAR WORKS 


55, 


LOAD RESISTOR, | 


THIS WILL SURPRISE You / 


ОТНЕ VOLTAGE ON THIS LINE —SwinGS mV Not 500mv И 
REASON: 91 16 AN EMITTER FOLLOWER Ў THE EMITTER CANNOT 
SwinG HIGHER THAN THE BASE. 


Ж THE CURRENT IN THIS LINE 15 100 TIMES HIGHER THAN THE BASE x 
CURRENT OF QI. CURRENT IS WHAT THE TRANSISTOR IS AMPLIFYING — _ 


NOT VOLTAGE. 
THIS ALSO APPLIES To 02. 
THIS 15 How To "SEE" THE CIRCUIT OPERATING: 


WHEN THE BASE OF 91 16 TAKEN ImV HIGHER THAN ITS “ZEST 
(QUIESCENT ) CONDITION THE EMITTER — COLLECTOR LEADS ~ SQUEEZE _ 
“TOGETHER (CREATE LESS RESISTANCE BETWEEN THEM) & PULL THE ВАЗЕ _ 
От Q2 TowAROS ITS COLLECTOR. THIS TURNS ON 02 & THE сфера COR Е 
EMITTER LEADS ОҒ 92 “SQUEEZE” TOGETHER. me Аа 


THIS MEANS THE RESISTANCE BETWEEN THE CoLLECTOR- EMITTER Leaps — 
OF 02 BECOMES VERY Low. 6 THuS THE VOLTAGE ACROSS THE a 
LOAD RESISTOR INCREASES. 


THE RESULT 15 A VOLTAGE AMPLIFICATION OF 9000:1 „ВУт ТНЕ TRANSISTOR: 
HAVE ACHIEVED THIS BY AMPLIFYING THE CURRENT Ц 


How: 


THE CURRENT INTO THE BASE OF 81 улі BE ABOUT ERAT & TH 
CURRENT THROUGH THE COLLECTOR – EMITTER ОТ зи, WILL BE ABOUT. 
5,000 Mico AMPS (SmA) 0чотніе 15 5,000:! | 
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| SAYING. ^удо а ser WHAT You pay FoR.” кшш те 
DOESN'T. APPLY „то BAT ош: я 


MUCH оғ ETI 15 GROSSLY “MISLEADING. (Я APPLIES То ONLY ONE. 
SITUATION IN 1,000. FORT: НЕ MAJORITY от CASES THE BEST BATTERY _ 
| то бут. 15. ша СНЕ ШЕ AND, ч ARE AVAILABLE IN SUPER MARKETS | 


NOR AL SITVATIONS SUCH AS RADIOS, CASSETTE 4 

.y CALCULATORS & TORCHES ETC, THE AMP-HouR, CAPACITY й 
оў A ТЕ: CELL. (саяцео A Zinc-CARBON сє утэ аборт 5-5. AN 
ALKALINE CELL OF THE SAME SIZE CO CELL © MN1300. oR 1050, 22 
ОМІ 595) мш. SUPPLY ABOUT IZAMP-HoUR. .. 


But WHEN You. COMPARE THE PRICE OF ACH CELL rane во ре) vou WILL - 
FINO TWE CHEAP ORY СЕЊ (гп CARBON ) COMES ост ом TOP! Е 


МЕ. -12 PHOTO DARLINGTON TRANSISTOR 


"THE MEL-I2 15 Я 3-LEADED PACKAGE WITH AN EPOXY 
К „WINDOW то ALLOW LIGHT То ENTER & STRIKE THE PHOTO 


TRANSISTOR. 


__ FOR MOST APPLICATIONS THE BASE LEAD IS CUTOFF BEFORE 
BASE ея MOST свота USE ONLY THE COLLECTOR & EMITTER 
| EADS. 2 


“THE PACKAGE CONTAINS Two TRANSISTORS IN A ‘SUPER. 
ALPHA’ ARRANGEMENT. THIS MEANS THE MEL-12 1S 
ABOUT 300 TIMES MORE SENSITIVE THAN Я NORMAL 
PHOTO TRANSISTOR. 


THE LIGHT ENERGY RECEIVED BY 01 TURNS THE 
TRANSISTOR ON & THIS TURNS ом 92, WHICH PROVIDES 
THE AMPLIFICATION. 


5 THE BASE LEAD CANBE CONNECTED То а PRE-SET РОТ 
&KADIUSTED ТО SUIT A PARTICULAR LEVEL OF 
о MINATION . 


THIS TRANSISTOR, ЕР анық у 
PROVIDES THE AMPLIFICATION . MEL 12, 15 A TYPE NUMBER 
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By PAUL LAZAR 


_ SPEED ING UP A MULTIVIBRATOR. 


A MULTIVIBRATOR сам BE USED ТО CLOCK COUNTERS, DIVIDERS, SHIFT 
| REGISTERS MOTHER CHIPS REQUIRING A CLOCK PULSE. 
_ HERE ISA TYPICAL MULTIVIBRATOR CIRCUIT: 


ALTHOUGH WE GENERALLY 
ACCEPT THE OUTPUT OF A 
MULTIVIBRATOR То ВЕ В 
SQUARE -WAVE — THE 
REAL WAVEFORM CAN ВЕ 
FAR FROM IDEAL. 


PT: | THE OUTPUT FROM THE 


CıR.CLIT OPPOSITE 15 AN 
EXAMPLE : 


222 ATYPICAL MULTIVIBRATOR. . 

| THE CHIP CONTAINS A CLOCK- ши: 

жега ger CIRCUIT SUCH x 

| -ГНЕ ‘CLOCK Line’ THE CHIP er ратынын 
| миш, ACCEPT A NON- PERFECT 


_ SQUARE WAVE. 


CONNECTION ТО Я CHIP 


Satie: QOESN'T THE CHIP WILL 
JUMP Бов. 10 COUNTS DURING (#4 оск DIAGRAM) 


ОТНЕ INTERVAL ОҒ TIME WHEN THE | 
WAVEFORM 15 RISING возит 7 
HALF RAIL VOLTAGE. р 

THIS IS OBVIOUSLY NOT SATISFACTORY 
& WITH THE INCLUSION OF TWO 
_ COMPONENTS INTO THE CIRCUIT ABOVE 
НЕ WAVEFORM CAN ВЕ “SPEEDED-vP’ 


_ OR SQVARED-UP 50 THAT THE CHIP 
WILL. NOT JUMP. 


THIS 15 | 
CALLED THE, | 
CLOCK LINE, 


FAIRCHILID CHIPS ARE 
ESPECIALLY SENSITWE 

То CLocK PULSES. THE 
DIAGRAM OPPOSITE SHOWS | 
THE Two COMPONENTS & THE _ 
NEAR- PERFECT WAVEFORM WILL . 
CLOCK ALL BRANDS. OF CHIPS... | 


NOTE THE VAST IMPROVEMENT / 
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‘T GET THE coms) — < < — 


4 COL JAGE 
2. HARTLEY. 


SE М NAMES g ва 
г. YOU ARN' ett за 


; HAVE. ONE MAJOR | | ви 

Е: ; OR. INDUCTOR. For, ши 
ОТНЕ `L’ PART OF AN BMS | си | ar 
С UNFORTUNATELY COILS FOR 21 HE CIRCUITS AR көмген, нане, шк 
AND WOULD BE EXPENSIVE Tor IC ie ae | Жары 


ОТНЕ MAIN DIFFERENCE BETWEEN. NO CIRCUITS: _ | 

0 COLPITTS OSCILLATOR, 9565 | NGLE INDUCTOR, ki а TAPED 
CAPACITOR NETWORK. = За 

_ Я HARTLEY OSCILLATOR USES. A 


ERINVALENT 5 A PHASE - SHIFT жане уа 


A PUASE- SHIFT OSCILLATOR USES 3 PHASE- сен Гм PORE 
PRODUCE Я 1809 PHASE -SHIFT & THUS KEEP THE ссыт OSCILLATING, = 
THE CIRCUIT IS CHEAP То BUILD a RFR UIRES c LESS. ‚SPACE. | ся 


_ ТәмЕО 
CIRCUIT 


ош = = ~ = а то ® a 
7 
о eww = wre > 


з] ВАСЕ“ 


COLPITTS 1547 Haney 


THESE Two сволте сам BE COMBINED & THE COMPONENTS 
_ SELECTED TO PRODUCE A HIGH FREQUENCY OSCILLATOR CAPABLE 
R RADIATING ITS ENERGY г пак THEN BECOMES 8 TRANSMITTER 4 
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SIMPLE. TRANSMITTER. Nn WILL PRODUCE A CONSTANT да 
or PAN MHz алы CAN. ВЕ. ADJUSTED BETWEEN %% МЯ2-- _ 


THESE Two COMPONENTS 
MAKE VP A TUNED. | 
CIRCUIT WHICH LIKES. 

То OSCILLATE AT дома. 


г 


THIS мет ее” 
BACK CAPAUTOR ц... 
WHICH IS THE SECRET. . 
TO KEEPING THE. 

CIRCUIT OSCILLATING. _ 


е 
voest Ж осло was 


THIS RESISTOR 

SEPARATES THE EMITTER. 

FROM THE NESATIVE 

RAIL S50 THAT THE... 

FEEDBACK PLLSES САМО 

ФЕ INJECTED INTO THE 
A дом. TRANSMITTER EMITTER. 


сп НЕ TRANSMITTER CAN ЊЕ DETECTED ON THE FM BAND AT 90 ON THE 
„MAL. THE BACKGROUND ‘HISS! OR NOISE мш: BE SILENCED WHEN THE 
= TRANSMITTER іе ‘ON CHANNEL а 


EVEN THOUGH IT PRODUCES ONLY 8 FEW MILLIWATTS от RADIMTED 


ы. ENERGY ITWILL TRANSMIT A DISTANCE OF 200 METRES OR MORE. 


Орта FREQUENCY OF YOMHz THE CAPACITIVE EFFECT OF THE JUNCTIONS __ 
OF THE TRANSISTOR CONTRIBUTE To THE OPERATING FREQUENCY & THIS. _ 
MAKES THE CIRCUIT FAIRLY COMPLEX IN OPERATION. HOWEVER THE | 


SIMILARITY BETWEEN A Со рттб 8 HARTLEY OSCILLATOR IS VERY 


С INTERESTING. 


_ THE FEEDBACK SIGNAL 15 INJECTED ІмТО THE EMITTER амо THIS 15. 
WOW THE CIRCUIT WORKS: 


_ WHEN THE POWER 16 APPLIED To THE CIRCUIT THE COLLECTOR IS AT. 
-RAL VOLTAGE ы 13% ) & THE 47K RESISTOR TURNS THE TRANSISTOR ON. 


THE 4&7 pf Mee CAPACITOR IN THE TUNED CIRCUIT CHARGES б. 
ALLOWS THE COLLECTOR VOLTAGE To FALL. 3 


Я SMALL ймоумт от THIS FALLING -VOLTAGE 1$ FEO TO THE | 
22 EMITTER WA THE ща (THE Sp6 IS LIKE A PIECE OF RUBBER | 
___ BEING PUSHED BY НЕ COLLECTOR Жар EFFECT BEING. FELT- 
515 Br ME EMITTER). cor | 
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THE VOLTAGE ON THE EMITTER DROPS AND TORNS ГАНЕ oTo TOR Г 
ON HARDER UNTIL іт BECOMES SATURATED. NEARLY FOLL. RAIL 
VOLTAGE APPEARS ACROSS THE TUNED CIRCUIT. 41 


THE PUSHING EFFECT THROUGH THE Sab CEASES. ямо отне. КО Rei 
RESISTOR TAKES OVER. | Ба. AT И 


бот IT DOES NOT TURN THE TRANSISTOR AS HARD НЕ FEEDBACK. | 
PULSE & THIS IS EQUIVALENT TO TURNING THE TRAN SIS IDE. OTF... 


SLIGHTLY. 


-THE COLLECTOR VOLTAGE RISES & Now THE 5р6 уе ACTING IN £ 
PULLING MODE TO PULL THE EMITTER VOLTAGE HIGHER. T е раце 
THE TRANSISTOR OFF Ж THE TUNED CiRCuIT THNKS THE TRANSISTOR 5 Ка 
HAS BEEN REMOVED FROM THE CIRCUIT. ENERGY. ASSES. RACK & FORTH | 
BETWEEN THE CAPACITOR & СЭ. AND SOME OF THIS TRANSFERS. To. THE у... 
AERIAL WATHE 27р8 CAPACTIOR То ВЕ RADIATED то " НЕ Sv ROUNDINGS. ~ 


WHEN THE FEEDBACK VOLTAGE DIES THE TRANSISTOR 1% TURN ЕО ON -- 
ONCE AGAIN BY THE 47K RESISTOR AND THE CYCLE REPEATS... ER 


TRANSMITTING VOICE! 7 


THE JOMHz TRANSMITTER CAN ВЕ DESIGNED то TRANSMIT VOICE By 
CHANGING THE VOLTAGE ON THE BASE IN HARMONY WITH AN AUDIO 
WAVEFORM, THIS INVOLVES ADDING AN Audio. AMPLIFIER TO THE. 
FRONT END OF THE TRANSMITTER. A SIMPLE ARRANGEMENT 1S 
SHOWN INTHE CIRCUIT BELOW. 


SUPPLIES 


VOLTAGE 
(% CURRENT) 
ТО THE 


MICROPHONE. IOK 


ELECTRET 
MICROPHONE 


Т915 15 А — | 
FIELD EFFECT 
TRANSISTOR 
CONNECTED 

To ANIAPHRAGM. 


| Ям ЕМ TRANSMITTER 
DECOVPLES а 
(SEPARATE 5.) THE | | 

_ МсвоРноме FROM BIASES THE CovpLES THE ПООЮ 

THE TRANSISTOR. “TRANSISTOR . STAGE TO THE OUTPUT 

т STAGE. 

THE FIRST TRANSISTOR 16 A SELF - BIASING самае -Еміттей, оро 

SMP USL ан | 
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dakad ВБЦ. WILL MODIFY THE VOLTAGE ONTHE BASE OF THE 
UTPUT. TRANSISTOR BND THUS VARY THE FREQUENCY ОС THE 
NSMITTER. | 


THIS WiLL. occur берасве THE VOLTAGE BETWEEN THE BOSE Ж EMITTER 
_ WILL BE ALTERED OR MODIFIED & THUS THE TIME TAKEN. FOR THE 

_ TRANSISTOR TO SATURATE OR TURN OFF wiLL BE ALTERED. THIS 4 
_ VOLTAGE IS VERY SMALL & THE TIME DIFFERENCE IS MINUTE AS WE ARE _ 
ALKING Akut A CHANGE ОҒ SAY 1Кнг IN A IOMHz OSCILLATOR. м 


а ALL THE SAME, IF THIS VOLTAGE FLUCTUATES IN HARMONY WITH Your ГЕ 
ОСЕ. THE. OUTPUT WILL RESPOND. ACCORDINGLY & THE VARIATIONS WALL | 
ЗЕ PICKED. ӘР BY AN FM RADIO & You wil HEAR YOUR VOICE. 


С THE Вобго AMPLIFIER (аг) ) 15 SAID то ВЕ FREQUENCY MOOULATING 
— THE CARRIER WAVE. OF ТРЕ TRANSMITTER —GIVING THE NAME FM. 


THIS ТУРЕ де TRANSMISSION IS INHERENTLY МОЕ -FREE & VERY 
. CLEAR, IT 15 USED FoR ТУ TRANSMISSION BECAUSE ӨР THIS HIGH 
9 Noise REJECTION. 


сте 7 TRANSMITTER CAN BE DESIGNED TO TRANSMITA TONE BY Ворша 


__ ам OSCILLATOR SUCH AS A PHASE-SHIFT-OSCILLATOR То THE FRONT END. 
_ THE MICROPHONE 15 REMOVED & FOUR COMPONENTS ARE ADDED. 


IOK 
6654.7 


IM | 
“ёга 22n 221 


ю | Пе 


[KHz TONE TRANSMITTER. 


DEPENOING ON THE LAYOUT OF THE COMPONENTS THE TRANSMITTER, 
CAN BE MADE To BE SENSITIVE To “EARTHING" OBJECTS SUCH AS YOUR 
HAND. IN THIS WAY THE TRANSMITTER CAN BE USED AS A TOUCH 
DET ECTOR OR METAL DETECTOR. 


THE НЕ Ве 08 ВЕ HIDDEN ім A HUNT са ща: WITH THE 
бо ет AN FM RAD 
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X WT ME HE Pha 5Е- - ЕТ о OSCILLATOR WORKS ee 
+ T НЕ. PHASE - - SHIFT, ‘OSCILLATOR CONSISTS OF THREE f ETWORKS 
ОТО PRODUCE A 180° PHASE SHIFT. THIS. PROVIDES POSITIVE _FEEDBA 
_ то KEEP Т HE. OSCILLATOR ваши ING... 
Тот How IT WORKS: | 


= ANETWORK бусн 85 THIS. WILL PRODUCE. А “PHASE - НЕТ 
ar PARTICULAR. FREQUENCY 15 APPLIED ТО 17. 


Three осн NETWARKS WILL PRODUCE 180’ SHIFT. 


“IN THE CIRCUIT DIAGRAM BELOW, THE FIRST. Two NETWORKS] dee 
аа OBVIOUS. THE THIRD NETWORK CONSISTS. or Ө Ion. CAPACITOR. AND 
_ THE. BASE- EMITTER OF THE TRANSISTOR. __ 


THE IM RESISTOR. PRovIDES A TURN -ON VOLTAGE год. THE 
RANSISTOR.. THE PULSE WHICH ARRWES AT THE BASE WA THE __ ща | 
EEDRACK NETWORK 15 В NEGATIVE VOLTAGE & ми. TURN THE E 

ANSISTOR OFF. ІТ 15 LARGE ENOUGH To OVER- RIDE OR REDUCE) | 8 
Е. TURN = гог VOLTAGE FROM THE ІМ. — 


МОТЕЗ: іші 


ши THE FEEDBACK. 15 | 
| Positive. FEEOBACK: i 
MEANS IT WILL 0. 
INCREASE THE .. 
+ OVERALL OUTPUT _ || 
AMPLITUDE ок THE| 
OSCILLATOR. _ 
2. THE FEEDBACK, 
PRODUCES Я 
NEGATIVE PULSE: 
эй ШТІ ІТ WILL TURN. | 
| THE TRANSISTOR OFF | 
| FOR а PORTION OF 
а i THE CY | 
ОБАШ. THE PHASE - SHIFT NETWORK SHOULD CONSIST ori THE SAME VALUE. 
OMPONENTS IN EACH SECTION. THE СКОЛТ WILL THEN PRanuce а 
REQUENCY IN WHICH EACH NETWORK HAS В 60° PHASE- SHIFT. IF ONE 
OMPONENT 15 ALTERED THE FREQUENCY WILL CHANGE. HOWEVER. THE 
OTAL PHASE- SHIFT MUST ВЕ 1807. SO ONE SECTION WILL -PRODUCE 50° 
THE отне 65" 
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ро You RECOGNISE THis? 


THE ARRANGEMENT (ОК APPEARANCE)JOF В CIRCUIT DIAGRAM 15 VERY 


IMPORTANT. YOU SHOULO BE ABLE To RECOGNISE A CIRCUIT VERY 
| QUICKLY. & ЕЯ У. 1 


| OUTPUT TO 
| TAKE тне FOLLOWING: ARRANGEMENTS FOR EXAMPLE : MAIN CIRCUIT · 


ФЕ 


PROBE 5 


NEGATIVE RAIL 


OL ind Lag + 


| оази м“... 


ТӨМЕНІ SWITCH | 


Bora THESE CIRCUITS PERFORM THE SAME TASK BUT THE SECOND LAYOUT. 

_ 1$ мусн EASIER To FOLLOW. IT 15 OBVIOUSLY A SUPER- ALPHA PAR Ім 
WHICH THE PROBES & СОК, PRovıDE THE Тобы-оы VOLTAGE. WHEN THEY | 
‚ARE TURNED ON, THEY EFFECTIVELY. CONNECT THE NEGATWE OF THE BATTERY 
“TO THE NEGATIVE RAIL OF THE CIRCUIT WE ARE POWERING. CIRCUIT (15. | 
VERY аа, То FOLLOW & норо мот BE DRAWN. 


DESIGN VALUES 


WHEN A асот IS BEING DESIGNED, IT IS USUAL TO SELECT A COMMON 
VALUE Foa EACH OF THE RESISTORS Be CAPACITORS. 


THESE VALUES ARE CALLED DESIGN VALUES. 


ate CIRCUIT DESIGNER KNOWS THE APPROXIMATE VALUE То USE ANO 


HEY FALL INTO BROAD GROUPS: ІК, ЮК, look, Ім; 00, 100n ПОМЕО 100 мр 
1,000 МЕО ETC. = 


IF THE CIRCUIT FAILS TO OPERATE SATISFACTORILY WITH THESE VALUES _ | 
THE DESIGNER WILL THEN CHOOSE В MION-VALVE Sucu AS AKT, ск aS с 


ONLY UNDER EXACTING URCUMSTANCES WILL VALUES Suey AS За. 
INF, 27K OR IMS ЊЕ CHOSEN. 


SOME MANUFACTURERS DESIGN AROUND Sn2 „ 162, Ф2п, IM2 ЕТС __ 
ANO 00 So FoR 2 REASONSX THESE VALUES ARE RARELY SELECTED BY __ 
OTHER CIRCUIT DESIGNERS & THUS THEY CAN BE ASSURED OF ADEQUATE. 
SUPPLIES. THESE "Оро" VALVES GENERALLY MEAN THE CIRCUIT WiLL, 
WORK WITH DESIGN VALVES & WE ADVOCATE одмах THE USE OF DESIGN = 
VALVES 60 THAT CIRCUITS ARE EASY To ToLLow . | 


ж ооо VALUES ARE SOMETIMES CHEAPER: THAN DESIGN VALUES. 
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| HE COUPLING CAPACITOR BS 
2 WHEN You СЕЕ В CAPACITOR ін, В CIRCUIT You Must. ASK i 
| NESTON: WHAT DOES IT 00? Ss =. | 


Е FOLLOWING FUNCTIONS WHEN PLACED IN а 


IT WILL SEI THE FREQUENCY or OSCILLATION 


| р 
Ag AS A TIMING COMPONENT. 
_COVPLE ONE STAGE То ANOTHER 


Act AS A RESERVOIR. ANO 
. PASS AC Ж Block ос. 


~ WILL Look AT THE CAPACITOR ASA ‘COUPLING: DEVICE 
= IN ANY AMPLIFIER CIRCUIT THE COUPLING. capacitors: ARE SMALL In. Lic 
VALUE. AT THE FRONT ENO OF THE СОСОТ. амо. Та ВЕРЕ N SIZE Fos. 


STAGE ги Г | 
ре! = 


Я 3-STAGE AMPLIFIER. 


ОТНЕ MICROPHONE COUPLING CAPACITOR 15 ION. THE NEXT COUPLING _ 
CAPACITOR 15 IOMFD, THEN 22MFD &THE Output. STAGE. 15. COUPLED пат 


-To ТМЕ SPEAKER VIR A ЮОМРО ELECTROLYTIC. 
| -ТНЕВЕ ARE REASONS WHY THESE VALUES HAVE BEEN CHOSEN ж т 
ALL REVOLVES AROUND OPTIMUM PERFORMANCE. __ 

AE FUNCTION OF A COUPLING CAPACITOR 15 ТО TRANSFER AS MUCH __ 
SIGNAL AS POSSIBLE FROM ONE SIAGE TO ANOTHER. За 


Е CAPACITOR IS ТОО LOW ONLY A SMALL AMOUNT_ OF. THE SIGNAL a 


BE TRANSFERRED. BUT IF THE CAPACITOR 15 ТОО LARGE IT ум 
OVCE THE WAVEFORM OF THE FIRST MIAGE with VERY LITTLE. вана 


СЕЙФЕ _ IN RECEIVED AMPLITUDE. 
T Е OPTIMUM VALVE cee ONLY ЊЕ OBTAINED BY. EXPERIMENTATION | 
m THE USE ота с иа 
16. CALLED OPTIMUM COUPLING. TEN 


UNa At THE FRONT END IS VERY TENTE Я, INVOLVES. в 
PROBLEM CALLED MOTOR, wa ре а 


хт. PAGE ExPLANS {TMS + 
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са “purr = putt PUTT- Burr- purr- ротт- -рутт- ване 


| Мото вост. 15 INSTABILITY. as A АСА оғ Low - FREQUENCY | 


ПА. ‘MOTOR- BOATING CIRCUIT. 


ТИЕ сасшт ABOVE. WiLL MOTOR -BOAT Фарр 0 - AND МЕТ ITIS мот 
_ Ям OSCILLATOR / 


Noise GENERATED IN THE FIRST TRANSISTOR WiLL BE AMPLIFIED BY THE 
_ EMITTER- FOLLOWER & APPEAR IN THE SPEAKER. THE CURRENT TAKEN 
26” THE. OUTPUT STAGE миг CAUSE THE RAIL VOLTAGE To FLUCTUATE. 


THIS IS CALLEO SUPPLY RIPPLE & Witt BE PASSED NIRECTLY To THE. 
FIRST TRANSISTOR vid THE 22K RESISTOR. A FREQUENCY Wiel ВЕ 


_ GENERATED DVE To THE COMPONENT VALVES & THE IMPEDANCE or me 
 GAaATTERY. _ 


ANO THE ствсит WILL SOUND LIKE AN OSCILLATOR. 


A IOOMFD ELECTROLYTIC. ACROSS THE BATTERY MAY STOP THE РЕЧЕ СТ а 
HOWEVER 470 МЕО WILL BE NEEDED TO STOP VERY Low: PUTT - Рутт- вот. 


IE THE Joon CAPACITOR 16 REPLACED WITH Я Іда CAPACITOR, THE _ 
22: FREQUENCY OF OSCILLATION ми. RISE CONSIDERABLY & loomED ACROSS 
THE SATTERY wit BE SUFFICIENT To. 5ТОР MOTOR BOATING. 


“THIS 16 THE SECRET REASON WHY THE INPUT CouPLinG сарЯсттов, та 5: 
KEPT AS SMALL AS POSSIBLE. | 


Е THE года 16 REPLACED WITH A IOMFD ELECTROLYTIC THE CIRCUIT WILL. > 
 OSCILLATE AT A VERY -VERY Low FREQUENCY Au WILL ES ЖЕ 
2,200 MFO ACROSS THE SUPPLY RAILS. 


THE SOLUTION IS TO USE IOn J 
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5 КОЕ SECOND REIT CAPACITOR CONNECTS THE очтрут OF THE. ЕНЕ зе 
AMPLIFIER TO THE INPUT OF THE SECOND AMPLIFIER. THE CAPACITOR SHOULD 
2; ЊЕ In THE. RANGE 1-33 MED. „Вот How DowE DETERMINE THIS? 


THE OPTIMUM VALVE WILL BE OBTAINED BY SUBSTITUTING A RANGE oF 
-VALVES % NOTING E INPUT | OUTPUT AMPLITUDES Ом A CRO. 


~ VOU MAY NOTICE THE OUTPUT OF THE FIRST STAGE WILL DECREASE AS 
_ THE CAPACITOR VALVE 15 INCREASED — WITH VERY LITTLE INCREASE 
ON THE INPUT То THE SECOND AMPLIFIER AS SHOWN IN (6) (с 


(8 Бау — OMV іс ALL THAT те REQUIRED ON THE INPUT aoe 
_ Lowest. VALUE CAPACITOR To ACHIEVE THIS SHOULD BE USED. 


ери. ГТ (8) ри Юте (с) ТТІ | 


BOR 


у MN Ки um 
| CAPACITOR тоо SMALL сар. UST RIGHT. CAPACITOR TOO LARGE 


: THE CAPACITOR CONNECTING THE MICROPHONE To THE FIRST STAGE 
WILL TRANSFER ABOUT /тУ AND 111$ 10n. WHY SHOULD WE 


USE pene FOR THE SECOND COUPLING STAGE, ДО TERN SEHR 
тту 


ANSWER, то THIS 15 QUITE COMPLEX & You MUST GO To THE 
AKER STAGE FOR THE ANSWER. THE OUTPUT STAGE MUST 
VER А FEW MILLIAMPS То THE SPEAKER « ТО Do THIS 
Е REQUIRES POWER FROM THE PREVIOUS STAGE ма THE CAPACITOR. 
IS STAGE REQUIRES LESS DRWING CURRENT ANO THUS N 
APACITOR WILL BE REQUIRED. 


NG CURRENT DOES Not FLOW THROUGH THE CAPACITOR 
га 


= K PIECE OF ELASTIC SUCH THAT THE CoLLECTOR -VOLTAGE 
_ Swing Одам% THe BASE - VOLTAGE UP AND DOWN. 


ВИТЕ CAPACITOR WILL PROVIDE CLOSE COUPLING б AS THE CAPACITOR 
_.. SIZE INCREASES THE EFFECT 15 LIKE USING STRONGER ELASTIC —THE 
1, COLLECTOR, WAVEFORM. 16 REDUCED FOR THE SAME BASE SWING. 


THE “SAME EASONING APPLIES TO THE THIRD COUPLING CAPACITOR 


16. ини. LARGER OVE ТО ITS NEED To PASS 8 
HIGHER CURRENT. 
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| “ІНЕ OUTPUT ELECTROLYTIC те те SPEAKER 1S ALSO A COUPLING 
С CAPACITOR, 1. 


_ ITS VALUE 15 CHOSEN. so THAT. Most OF THE ENERGY IS DELIVERED То. 
СННЕ SPEAKER. | 


ат ANY PARTICULAR. FREQUENCY | THE. COUPLING ELECTROLYTIC HAS A 
_ RESISTANCE -OR To PUT IT MORE ACCURATELY — A CAPACITIVE 
| REACTANCE Во DETERMINED BY THE FORMULA : 
TES PADAN omms ды 
ЕЕ 


| “THE TRANSISTOR SEES THE ELECTROLYTIC қ SPEAKER AS В LOAD AND 
_ THE POWER WILL BE DELWERED ТО EACH ACCORDING то THEIR EFFECTIVE 
_ RESISTANCE | 


THE AIM 15 ТО MAKE THE LOSSES ee ELECTROLYTIC 85 SMALL AS 
_ POSSIBLE SoOTHAT MOST OF THE ENERGY 15 DELIVERED To THE SPEAKER. 
aa I00H2 THE CAPACITIVE REACTANCE OF THE ELECTROLYTIC IS: 


= га > | x 100. па 16 онмв. 
ат +100 100 от 


THE ELECTROLYTIC & SPEAKER OPERATE LIKE 2 RESISTORS IN 
-ФЕМЕЪ: 


IRETE TORRESE? TER] AT 10042 ONLY ABOUT 30), 
жесек 068 OF THE OUTPUT ENERGY 
______166 ЗК, <<. 15 DELIVERED To THE 
ра” ката З SPEAKER. 

"THIS IS THE 


“THIS 1S THE ан 
ELECTROLYTIC | 


AT. На THE CAPACITIVE REACTANCE OF THE ELECTROLYTIC 13: 


= 27 хю00ч00 21 
ат ikiz most от THE зали: IS PASSED То THE SPEAKER. 


16 OHMS. 


AS THE ENERGY ТО DRE THE 
NO CURRENT PASSES SPEAKER DOES NOT PASS 


HERE Er THROUGH THE ELECTROLYTIC © 


Вот FILLS VP THE NEGATIVE. 
ў PLATE & FLowS Оорт AGAIN. 
«Я | THIS CURRENT FLowS THROUGH .. 
6 3 
СЯ 3 
Га] 


THE SPEAKER Voice COIL. 


THE TRANSISTOR CHARGES. ДВЕ. й 
ELECTROLYTIC & THE LOAD. 
RESISTOR 015 CHARGES ІТ. 
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THe NEED. FoR | 
эрер. RAILS S 


ADDING AN. ELECTROLYTIC. is. CALLED | “бор 
_ DECOUPLING". 


HIGH - CURRENT. REQUIRE MENTS. 


-T HE “MOTOR - - боят! CIRCUIT бм а PREVIO 

RIPPLE оғ 200 mV = 350mV (DEPEND! 
чү RIT REQUIREO Я 220 МЕ 
Е бивши To REMOVE He 


да 15 орална га Іт В TAKE а kde N x 
пааша. -R са et PEAR ONT IE га 
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ме. OF ONE TRANSISTOR, вида To Т 


пее CONNECT ONE STAGE ОА 
УТ. TAKING A NUMBER or FACTORS .. 


НЕ TOGETHER. 16 То ACHIEVE THE BEST | 
ERUNT От LOSS ім THE Соору б COMPONENTS. 


TYPES OF COUPLING : 


ст COUPLING | PRODUCES THE LEAST 4055 (ALMOST NIL) & WHEN USING 
THE OUTPUT CHARACTERISTICS јој THE FIRST STAGE MUST 


CHOR, LATES WILL. MATCH. AL Most ANYTHING То. ANYTHING 3 
EVER THE- борыма_ EFEISIENEY сам BE AS Low AS Pe . — DEPENOING _ 


со > ма 
5% Соммом BASE. 


THE COMMON EMITTER STAGE 
OFFERS MEDIUM INPUT 
IMPEDANCE ( ABOUT IK) AND _ 
MEDIUM OUT т ] МРЕОВМСЕ 


2222 ABOUT 19К 
МЕОЮМ __ ( 25 


N оло... Сам ALSO. BE CALLED. 
А IMPEDANCE . . GROUNDED - 
1 222222. EMITTER BECAUSE тні, ‚LINE па 
15 CALLED “GROUND” ов "BARTH. ER 
OR "Common! че | 


2 mann Emitter’ MEANS. Two THINGS: 
A. THE EMITTER 15 COMMON То BOTH THE INPUT Коутрит. та 
~ THE EMITTER 15 CONNECTED ТО THE “Common 98. EARTH. LINE, 


пое To ACHIEVE nich an 
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(2) РАТЕ НЕ COMMON COLLECTOR. ||. 

До ДЕ ао ТВАЕ OFFERS HIGH INPUT ____ 

HIGH input RL IMPEDANCE (ABOUT 100K) 

SERD | | 1. ОУ OUTPUT IMPEDANCE 
IMPEDANCE A ЕНН ~ Савоет IK), 


Low | x CAN ALSO BE CALLED 
<- OUTPUT. _GRouNDED COLLECTOR | 
S__IMPEDÄNCE. BECAUSE THE Positive & 
| NEGATIVE RAILS ARE 
CONNECTED ма 8 LOW... 
| IMPEDANCE BATTERY & К 
| ва THs. THE POSITIVE RAM Wit _ 
MON COLLECTOR. STAGE . GROND oR EARTH THE жара 
| | за га SIGNAL dust LIKE THE ПП | 
_ THIS STAGE 16 ALSO CALLED AN. _. NEGATIVE RAL. 
г EMITTER - FOLLOWER (K 15 THE 4 | | 
BEST TERM “TO USE. \THE zum е RAY 
тоому 5 THE BASE Жа AGE «15 °бу. 
LOWER THAN ГТ. 


Ф шшых 
SCH 

~ INPUT 

/ IMPEDANCE 


Шен 
OUTPUT 
IMPEDANCE т N 


~ COMMON BASE STAGE | _ Соммом BASE STAGE 


ТИБ Common BASE STAGE PFFERS LOW INPUT IMPEDANCE (оо онмъ) AND 


ман OUTPUT IMPEDANCE (IM). BOTH 6), ЗА ARE EQuWALENT. THE 2122 
—_ ELECTROLYTIC. ON THE BASE 14 “BA PRE MTS THE. BASE RISING AND FALLING ..... 
„маєм Я SIGNAL 15 BEING PROCESSED. BECAUSE THE BASE CAN'T MOvE ат. 
— 15 SIMILAR TO TIENG іт TO GROUND (AS FAR AS THE AC SIGNAL 15 Con CERNED). 


“THESE 5 STAGES сам BE. COMBINED TOGETHER ом I DIFFERENT WAYS. 
-. SOME WILL WORK — SOME WON'T. THERE ARE 2 SUITABLE COMBINATIONS! 


_ SOME STAGES REQUIRE CAPACITOR COUPLING- OTHERS сам ВЕ DIRECTLY 
(СФОРМЕФ.. WE WiLL INCLUDE THE | COMPONENT VALUES до APPROPRIATE. 


IN ALL” THE FOLLOWING EXAMPLES. WE ARE сома та USE AN ELECTRET 
\СПОРНОМЕ. № Ач Bonm SPEAKER To TURN EACH OF THE 2- 51062 1 
FIERS INTO. AN INTERCOM _ YoU ууш. BE ABLE TO CONSTRUCT EACH. єн 
во CHECK. AS. PERFORMANCE. SPR ог. | 
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[1] Common EMITTER — Common EMITTER THE mV READINGS | 
ARE р-р VALLES 


AN тоту 


2 -STAGE COMMON-EMITTER AMPLIFIER. 


THE 2- TRANSISTOR а IS VERY SENSITIVE AND біуЕ5б A LISTENABLE 
VOLUME FROM THE SPEAKER. 


THIS IS How IT WoRKS: 


THE FIRST TRANSISTOR IS В VOLTAGE AMPLIFIER. AND CONVERTS /mV ON 
115 BASE TO 250mV AT ITS сошесло. 


THE SECOND TRANSISTOR IS A CURRENT AMPLIFYING STAGE & CONVERTS 
A CURRENT OF јоода TOAN OUTPUTOF AmA INTO THE SPEAKER CIRCUIT. 


THIS MEANS THE FIRST TRANSISTOR 15 PROVIDING A VOLTAGE GAIN ОҒ 
55 $ тае SECOND ACLURRENT GAIN OF 60. 


GLTHOUGH THESE VALUES CANNOT BE COMBINED To GWE AN OVERALL 


AMPLIFICATION, You CAN ФЕ SURE EACH STAGE 15 PERFORMING ITS 
TASK. 


ЇЕ THE [ОМЕР ELECTROLYTIC 15 REMOVED THE дотрут VOLTAGE OF THE 


FIRST STAGE ұлы BE ABOUT 1000 mV. THIS 15 4-TIMES THE 
IN- CIRCUIT! VALUE & IS OVE То THE SECOND TRANSISTOR. 


REQUIRING 100 mickoAMPS FoR ITS OPERATION. THIS CURRENT 
DEMAND REDUCES THE OUTPUT OF THE FIRST TRANSISTOR. 


IF THE SPEAKER IS TAKEN TOTHE | AS 
POSITIWE RAIL THE VOLTAGE ПАР 114 
INCREASES FROM l00mV ТО І Be THE — 
150mV CURRENT FROM 4mA ТО Beal да 


Р-р | 
UL) № IN THE тое С алт, THE TRANSISTOR, DOES ___ 
Мот DRWE THE SPEAKER WITH ANY. FORCE. Kr 
THE 4K7 FEEDS The SPEAKER AND. THE. 
| TRANSISTOR SHORTS THE ELECTROLYTIC то. 
IMPROVE D EARTH. AN IMPROVEMENT 18 SHOWN ON THE __ 
PLACEMENT LEFT. THE SPEAKER IS CONNECTED HIGH _ 
OF SPEAKER. & THE TRANSISTOR ORWES THE. МЕНЕЕ А 
| WHEN GOING сом. ване 
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es EMITTER, FOLLOWER 


THIS CIRCUIT GIVES A HIGHER OUTPUT THAN стелт [I] DUE To THE 
ABSENCE OF THE ЈО МЕО COVPLING CAPACITOR. DIRECT COUPLING | 
IS ALWAYS THE MOST EFFICIENT FORM OF COUPLING AND THE 
IMPEDANCES ARE Ban ok VERY WELL in THIS CIRCUIT. 


| BI [OMMON EMITTER - Common BASE. 


THIS ARRANGEMENT 15 NOT SUITABLE AT ALL. THe OUTPUT OF The FIRST е je 


“STAGE WILL NOT BE AMPLIFIED BY THE Common BASE STAGE AND THE. 
SPEAKER WILL NOT PRoQUCE | SUFFICIENT VOLUME. 


СЕТ COMMON COLLECTOR — _ COMMON EMITTER 


“ — Common COLLECTOR, 
“ = Common BASE 
36 ARRAVGEMENTS ARE NOT SUITABLE AS THE COMMON COLLECTOR. 


STAGE REQUIRES AN INPUT VOLTAGE OF 6—7 VOLTS, WHICH МЕ. CANNOT. 
PROVIDE WITH THE ELECTRET MICROPHONE . | 


ГЕ tac BASE — Common EMITTER 
15] “ — Common COLLECTOR | 
- Common BASE 


гне. BRETT GASE STAGE ACCEPTS A VERY Low IMPEDANCE DEVICE 
4 THE ELECTRET MIC 16 мөт A SUITABLE MATCH. 


05 ONLY 2 сасыта. ARE REALLY болттық FOR THE ELECTRET 
С, & LOW IMPEDANCE SPEAKER. THE OTHER CIRCUITS WILL BE 
ABLE. ЖОЙ, OTHER APPLICATIONS AND YoU MUST ALWAYS __ 
Е В свест To Suir THE IMPEDANCE OF THE DEVICES, рам 
TEMPTING, u. ees ae 
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Е tms TRANSISTOR 15 AN — 
| ЕМТТЕК- FOLLOWER. ТОК, 20 
Е Сне POSITIVE PART OY THE АЛВА по с 
їч PUT SIGNAL RN 


ES PATI a oF ME. 
INPUT SIGNAL . 


MEN БЕР. PUSH-PULL OUTPUT STAGE 15 SHOWN. 
NPN. TRANSISTOR ABOVE A PNP TRANSISTOR. 


COMES. FROM THE ABILITY ОЕ THE STAGE то. 
THE LoAD (THE ELECTROLYTIC & аша ын чр. ALS 


E Let 5 > SAY THAT ім а BETTER wAY: 


THE PUSH- PULL CIRCUIT ABOVE Блан 
REMIND You OF THE EMITTER Л FOLLOWER 
CIRCUIT DISCUSSED PREVIOUSLY. | : 


¥IG2 SHowS THE POSITIVE да or. ў 
THE SIGNAL BEING AMPLIFIED, THE. VOLTAGE ( X 

WAVEFORMS ARE THE SAME SIZE BECAUSE IT. Ы 
IS THE CURRENT WHICH 15 BEING INCREASED 


WE STATED THAT THE EMITTER- FOLLOWER 
ee IS CAPABLE OF PUSHING ENERGY. INTO THE 
ку], Die Tori LOAD BY CHARGING THE ELECTROLYTIC ќе 
| баш. е ща : THE RESISTOR DISCHARGES IT. THIS 

BS at НИ DISCHARGE- TIME CAN BE QUITE LONG & 


LimitS THE AMOUNT OF ENERGY WE сам. 
Ger INTO THE SPEAKER CIRCUIT. A SOLUTION WOULD GE ТО REPLACE TH 
RESISTOR WITH а ‚SWITCH то DISCHARGE THE ELECTROLYTIC QUICKLY 


THIS сам BE DONE WITHAN ELECTRONIC SWITCH IN THE FORM oF ATRA 
AND THAT'S WHAT THE LOWER TRANSISTOR 0055. ІТ PISSHAREES, THE | 
г ELECTROLYTIC. ат A FASTER. RATE THAN A RESISTOR. 


_ Тноб THE. SPEAKER. сам. ЊЕ FED WITH A LARGER AMount ОР ENERG 
JSTHEN REMOVED vin THE NEGATWE PART Ог THE WAVETORM, READY У 
ОТНЕ NEXT. CYCLE, THE LOWER, TRANSISTOR 15 TURNED OFF WHEN. = 
ELECTROLYTIC 15 BEING с ARGED AND. WE DONT WANE. WAS Yo 
(asi In а LOAD AD RESISTOR) ^ | | 
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PUSH - PULL 


СЭ WHAT DOES THIS RESISTOR ро 2 


Ry | мама НИВИ Ва 
THIS RESISTOR 15 DESIGNED To 
PROVIDE а “Тубм-ом” VOLTAGE OF 
Явоут іу BETWEEN THE ТМО 
845665 SO THAT THE TwO OUTPUT | 
TRANSISTORS ARE NEARLY. ат THE 
| Роичт OF TURN ON. 


іт WORKS “THIS WAY : 


THE TURN ON VOLTAGE. BETWEEN 

BASE AND ЕМІТТЕЙ, 15 “бу. THIS 
MEANS THE PUSH-PULL CIRCUIT | 
REQUIRES 24°6 = 1:2 у oe 
COMPLETE TURN - ON. 


бут IF we PROVIDE Iv, NEITHER: 
TRANSISTOR WILL BE TURN ED ON 


КТНЕ QUIESCENT CURRENT WILL RE. 
MINIMAL. 


12, 
THE VOLTAGE DEVELOPED BY THIS RESISTOR 15 | 
CREATED BY а VOLTAGE DIVIDING NETWORK MADE 
UP OF RESISTORS (OR ACTIVE COMPONENTS). 


_ № THIS TURN-ON VOLTAGE 15 NOT PRESENT THE 
_ OUTPUT TRANSISTORS WOULO NOT RESPOND ТО 
С THE FIRST «бу SWING IN EACH DIRECTION. 
CA TOTAL OF 1:27) THE RESULT ош BEA = 
-DISTORTED OUTPUT WHICH CovLO BE CLEARLY 
REARO INTHE SPEAKER. 


THIS DISTORTION 15 CALLED CROSS-OVER, 
_ DISTORTION Ў 15 CHARACTERISTIC TO CLASS-B 
4 ыш PULL) OUTPUT STAGES. 


а 


Смат нот BAS RESISTOR. WITH BIAS RESISTOR. 


тве DISTORTION IN THE WAVEFORM OCCURS WHEN ONE TRANSISTOR 15 


AKING OVER FROM THE OTHER. THE I PAGE SHoWS HOw THIS сам ВЕ 
мол, TORE ме. USA 
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‚3. THE EMITTER RESISTOR: 


“THE VALUE OF THIS RESISTOR 15 VERY 
IMPORTANT. AS You CAN SEE, THE | E 
STABILITY OF THE CIRCUIT REVOLVES | 
AROUND THE VOLTAGE DEVELOPED 

ACROSS THE RESISTOR. 


WE CAN REDUCE THE EFFECT OF CROSS-OVER DISTORTION 6“ PLACING Two _ 


Обаче DIODES BETWEEN THE BASES OF THE TRANSISTORS & A RESISTOR 
IN EACH EMITTER LINE. 


THIS will JUST TURN THE TRANSISTORS ON AND REDUCE THE CROSS - 
OVER OISTORTION To ALMOST ZERO. 


THE VALUE OF THE EMITTER RESISTOR IS VERY IMPORTANT AND WILL | 
DEPEND ON THE WATTAGE OF THE AMPLIFIER. IT WILL VARY FROM 
“| онм To 10 OHM, 


THEORETICALLY IT SHOULD BE AS SMALL AS POSSIBLE So THAT MOST оғ 
THE РОМЕК 15 OELIVERED To THE LOAD. 


PRACTICALLY THEY SHOULD BE FAIRLY HIGH 50 THAT THE шева | 
CURRENT 16 AS SMALL AS POSSIBLE. | 


REALITY DICTATES THAT THEY Ѕноо о BE SOMEWHERE BETWEEN. 


THE TRANSISTORS ARE BEING “TURNED -oFF’ OR ‘TURNED - DOWN. By 
THE Оту APPEARING ACROSS THE EMITTER RESISTORS, 


“THE QUIESCENT CURRENT @ - CURRENT ) FLOW 15 DETERMINED BY THE 
VALUE OF THE EMITTER RESISTORS AND WORKS IN EXACTLY THE 
SAME мау AS В CONSTANT CURRENT GENERATOR CIRCUIT, THE 
NEXT PAGE EXPLAINS THIS ARRANGEMENT. 
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PUSH -PULL | 5 
4.ТНЕ CONSTANT - CURRENT GENERATOR. Я а 
THE TWO OUTPUT TRANSISTORS ім A PUSH ~ PULL. CIRCUIT. A 
_ CONSTANT ~ CURRENT CONFIGURATION IN WHICH THE QUIE SC 
|5 LIMITED BY THE VALUE OF THE EMITTER. RESISTOR.. Каз 


IN OUR CASE THE CIRCUIT CAN ВЕ MORE ACCURATELY DESCRIBE 
CURRENT LIMITER. | 


THE NPN ARRANGEMENT WORKS THIS мах: 


TAKING THE Тор HALF OF THE CIRCUIT IN WHICH THE NPN TRANSIS и, | 
EMPLOYED AS AN EMITTER - FOLLOWER, WE CAN SEE THAT. T 
CURRENT FLOW THROUGH THE COLLECTOR’ -EMITTER св 

MAXIMUM IF THE EMITTER RESISTOR IS REMOVED. 7 

THE TRANSISTOR BEING FULLY TURNED ON VIA THE DIODE 


THIS 15 AN IMAGINARY “Міо- -VOLTAGE RAIL 24 
WHICH 15 CREATED WHEN EACH дутрот 0 
TRANSISTOR TURNS өм AN Кош AMOUNT... 


IF WE INTRODUCE AN EMITTER RESISTOR THE VOLTAGE DEVELOPED. 
ACROSS THE RESISTOR Witt TURN THE TRANSISTOR OFF, 


AN EQUILIBRIUM оё. SALANCE WILL BE CREATED To TURN THE 
TRANSISTOR ‘OOWN!’ TO Я VERY Low LEVEL. 


THE PNP TRANSISTOR OPERATES. им A SIMILAR | 
WAY WITH THE EMITTER RESISTOR 
DETERMINING THE QUIESCENT FLOW. 


THIS 15 How МЕ CAN ACHIEVE A CIRCUIT 


with A VERY LOW IOLE CURRENT & А VERY 
HIGH OPERATING CURRENT... ЖҰ 


NOTE: ТО PRODUCE THE SAME IDLE CURRENT 
ума A RESISTOR ІМ THE COLLECTOR CIRCUIT _ 
Wovto REQUIRE A IK RESISTOR. WitH THIS, 
ALL THE POWER WouLD BE DELIVERED ТО THE _ 
ІК RESISTOR, ANO NONE То THE SPEAKER. 


90 ам EMITTER RESISTOR 15 THE ONLY 
SOLUTION. 


Әмен: REPLACE THE 10 RESISTORS, WITH _ 
IN. WHAT WILL HAPPEN ? 
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TURN-ON VOLTAGE _ 


QUESTION: WHAT 15 THE TURN-ON VOLTAGE NEEDED TO ILLUMINATE THE 
| LED IN EACH сласт BELOW. 


ANSWER: Уда "бу; Маз 12у, Ve таи, Мо = 7.6м. 


IF YOU DO NOT UNDERSTAND How THESE VALVES ARE OBTAINED, READ ON 


“THIS IS а STVOY OF THE TURN-ON VOLTAGE REQUIRED FOR VARIOUS DIFFERENT 
ARRANGEMENTS. 


CIRCUIT 6 SHOWS ам NPN TRANSISTOR Iv A Common 
EMITTER CONFIGURATION WITH В Юк BASE RESISTOR, 
ANO В 1708, CURRENT LIMITING RESISTOR FOR THE 
LIGHT EMITTING DIODE. 


THE TRANSISTOR WILL TURN-ON FULLY WHEN THE 
VOLTAGE ON THE BASE 15 "Gv HIGHER THAN THE 
EMITTER. THE BASE “ли. REQUIRE A SMALL CURRENT 

-TO SUPPLY THE COLLECTOR- EMITTER CURRENT & THUS 
A SLIGHT VOLTAGE -DROP WILL BE DEVELOPED ACROSS 
THE IOK INPUT RESISTOR. THUS Ма Witt ФЕ 
SLIGHTLY MORE THAN “бу. 


A CONSTANT VoLTAGE OF “бу миш, APPEAR ACROSS 
THE SIGNAL MIODE IN THE EMITTER LINE OF CIRCUIT (6) 
THUS Ма Міш NEED то ВЕ SUGHTLY MORE THAN 
THE BASE -EMITTER JUNCTION DROP оў "бу PLUS 
THE DDOE DROP OF “бу. 


Свет (С) 15 SUGHTLY DIFFERENT, THE 470R CURRENT 
LIMITER HAS BEEN Оупово INTO 2х 2208,.« VARIOUS 
VOLTAGE DROPS MUST BETAKEN INTO ACCOUNT. 


“THE SUPPLY VOLTAGE 15 Чу . THE VOLTAGE DROP ACROSS 
THE LED 15 14/у &THE VOLTAGE DROP ACROSS THE 
COLLECTOR- EMITTER, JUNCTION 15 «Зу. THIS LEAVES. 
Tv То BE DROPPED ACROSS THE TWO 220R RESISTORS. 
EACH WiLL DROP 3:5 м. THUS Ус мугт ЊЕ SLIGHTLY 
WiGHER THAN “Су +35v = Ау. 


Сла салт СО) 1$ An EMITTER FOLLOWER. THE VOLTAGE. 
ACROSS THE EMITTER RESISTOR Wil BE 7V 
THUS Мо мобт BE SLIGHTLY HIGHER THAN 7-6У. 


-THE ЮК RESISTOR 15 CALLED я“ тава: eee Er 
ITS PURPOSE 15 TO SEPARATE THE БАЗЕ FROM THE INPUT 
VOLTAGE So THAT THE RASE 15 мет DAMAGED. : 
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С A ToucH” FLIP FLOP. 


а BISTABLE MULTIVIBRATOR- 
ТИЕ Свсит 16 A "Touch" FLIP FLOP. IT CHANGES STATE 
_.. WHEN PAD В ое В IS TOUCHED WITH A FINGER. Г 
O WHEN 8 15 ТОЈСНЕО, THE RESISTANCE ОҒ YOUR FINGER TURNS ом а 

WHEN В 15 “TOUCHED, Qı TURNS ON. (Яно. Q2 TURNS. off)... 
WHEN A BATTERY 15 CONNECTED То THE CIRCUIT, EITHER 17 oR, 
62, WILL TURN ON. FOR OUR DISCUSSION, IT ОоЕ5 мот MATTER. 
WHICH TRANSISTOR TURNS ON FIRST. | 


. SVPPoSE QI TURNS ON FIRST. 


“THIS MEANS THE COLLECTOR VOLTAGE OF 91 WiLL ВЕ LOW амо. THUS - 
“THE BASE VOLTAGE OF Q2 WILL BE ЛОО Low TO TURN IT ON. 


_ ТІНЕ BASE TURN-ON CURRENT FOR QI WILL FLOW ма. ақ, AND ие 
THE CIRCUIT WILL REMAIN IN THIS SIATELLIE 


“боў WILL. Notice THE VALUE OF THE 4 RESISTORS 19 VERY HIGH, «г: 
_ THIS 15 BECAUSE THE RESISTANCE OF A FINGER ACROSS EACH OF ____ 
~ ThE TOUCH PLATES IS REQUIRED TO CHANGE THE STATE OF THE. CIRCUIT. 

г. AS THIS RESISTANCE WILL BE ABOUT IM OHMS. THE RESISTORS 


222 AROUND-THE Touch PLATES MUST ALSO BE HIGH. “THIS 19 BECAUSE ое Нај 
THEY ARE WORKING AGAINST THE ACTION ог YOUR FINGER FoR HART 
OF THE CYCLE. | | | 


How - THE CIRCUIT CHANGES STATE 


WHEN A FINGER 15 PLACED ом PLATE A, үт. WILL CREATE. a RESISTIVE. _ 

PATH FROM THE SUPPLY RAIL ТО THE. BASE OF 62. THS WiLL ФЕ... 

EQUIVALENT To A RESISTOR OF ABOUT IM To 10м & A VOLTAGE ___ 
VINDER woe BE CREATED BETWEEN THE TOUCH PLATE & THE 10М 


RESISTOR Ко. AS BOON. 95 THE VOLTAGE -ON a AS Ove та: 
Q2 WILL TURN ON. _ 


щата TURN том. оства. БЕ 5 RECEWING ма. ќа. 
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CHANGE OF STATE aoe SPEEQED-UP BY AN ACTION CALLED 
ERATION.. Tias. CREATES THE FAST SWITCHING ACTION WHICH 15 


СЕ OF YOUR, FINGER, ON TOUCH PLATE Я BEGINS To TURN ON 
2. AS THE COLLECTOR VOLTAGE OF 02 FALLS, 01 BEGINS 
ext OFF. “THIS ALLOWS THE CURRENT TO FLow THROUGH R2 
HELP THE RESISTANCE PRODUCED SY Touch РАО Я. THE INCREASE 
ASE. CURRENT ТО 92, SPEEDS UP THE SWITCHING ACTION. 


HIS. ErFEcT OCCURS IN Ви MULTIVIBRATOR CIRCUITS AND GWES 
НЕМ. THE CHARACTERISTIC OF HIGH-SPEED SWITCHING. 


HE 00100Т oF THE ста ФОР WILL BE МЕН бе, Low DEPENDING ON WHICH 


со ЕЗ Have STUDIED CAN BE CALLED ANY OF THE FOLLOWING : 


TOUCH - SWITCH. CIRCUIT 
MEMORY CIRCUIT | 
A SQUARE -WAVE GENERATOR -- бит мот AN OSCILLATOR. 
A CLOCK CIRCUIT 
Я PULSE CIRCUIT 
8. BISTABLE FLIP FLOP 


Ко BY ALTERNATING. A FINGER FROM PAD A 1 В, THE OUTPUT WILL GO. | 

HIGH LOW - HIGH -Low ETC. THIS CAN BE CONNECTED То 8 COUNTER | 
= сласы OR OTHER DIGITAL CIRCUIT AS Witt BE DISCUSSED LATER. AND 
-- міз WILL. INDICATE A COUNTING OPERATION. 


am: VESTIONS: 


| ) DESCRIBE. THe TERM. "сир FLOP. 
| WHY ARE THE RESISTOR VALVES VERY HIGH IN THIS Свет. 
) CAN BOTH TRANSISTORS BE ОМ AT THE SAME TIME 7 
) GWE 5 NAMES ТОА THIS TYPE OF CIRCUIT, 
“WHY MUST ONLY ONE FINGER BE USED тов PACS ARB! _ 
) INDICATE THE STATE OF THE ovtPUT TOR THE FOLLOWING 
РЕ PAG» A= Ве A -B-A-B-A. | 


ы WERS 


Фа сколт конен CHANGES STATE - ом -OFF-ON- от гае! Наи 
©) 50 THAT A FINGER ON THE Touch PADS WiLL HAVE AN EFFECT. .. 
Q ea 2% Bi ботн TRANSISTORS SHOULD NEVER BE ОМ. 


8% AT. Ben TRANSISTORS CAN NEVER. BE ОМ. 
(©) Low - мен“ LOW = елен Low- HIGH - Low. 
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SUPER ALPHA CIRCUITS 


SUPER ALPHA ARRANGEMENT 


VERY HIGH DC AMPLIFICATION 
TRANSISTOR 


AMPLIFY AC 


ARE QUITE OFTEN USED ТО ACHIEVE 


WE SAY DC BECAUSE THE Two. 
ARE DIRECLTLY COUPLED — THE CIRCUIT WiLL ALSO | 


» AND IT USES THE MINIMUM ОҒ COMPONENTS. 


THE IDEA 15 50 SUCCESSFUL THAT A RANGE OF SUPER ~ арена (ов, 
DARLINGTON ) TRANSISTORS HAVE BEEN PRODUCED. 


THIS COMBINING HAS ONLY BEEN POSSIBLE SINCE THE ізі 1: 
Of VERY LOW LEAKAGE TRANSISTORS. LEAKAGE 15 IMPORTANT AS THE 
SECOND TRANSISTOR, WILL AMPLIFY THE LEAKAGE oF THE FIRST X. 


PRODUCE Я CORRENT- FLOW SITUATION. AND THIS 15 мот 
DESIRABLE . 


THERE ARE 4 wAYS or COMBINING © TRANSISTORS TO PRODUCE 
а VERY HIGH-GAIN AMPLIFIER. 


THESE 4 Свсо 5 РВодуе _ 
THE SAME. GAIN ( PROVIDING 
THE SAME TRANSISTORS 

| pren T ANO THE CHOICE 


OF CIRCUIT DEPENDS ОМ 
5 FACTORS. 


Јамрџт HIGH OR, Low . 
2. LOAD “HIGH “oR “Low " 
З INPUT VOLTAGE Р2у ов, "бу. 


A HIGH IS REQUIRED ON THE 
INPUT OF THE NPN 


DARLINGTON CIRCUIT & THE 


LOAD ISNEAR THE POSITIVE 
NPN OARLINGTON. PNP DARLINGTON AIL. 


A Low 15 REQUIRED ON THE 

INPUT OF THE PNP 

DARLINGTON сіст & THE 

гойо 15 NEAR THE EARTH 
Ви. | 


IF A HIGH-POWER PNP TRANS 
IS NOT AVAILABLE „THE PNP/NPN 
Composite PAIR сам BE 
CHOSEN. 


"THE THIRD FACTOR To ВЕ. 
CONSIDERED 15 THE TORN— 
өм VOLTAGE . THE 
DARLINGTON. ARRANGEMENT 
фа = REQUIRES |-2v THE 
= ылығы CoMPosıTE Сомро те еа. REQUIRES 
© кемрве Com POSIT | Ре, | өмі бу. 
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“MAKING YouR OWN ZENER ПЮ0Е |0 С М PAuL PALLAON. 
Е DAY YOU WiLL BE STUCK FOR A ZENER DIODE , WE WERE TODAY. 
WE NEEDED AN Sv ZENER FoR а 121мсн PORTABLE ТУ. HAVING мо 
Фу ZENER DIODE IN 096; WORKSHOP WE DECIDED To MAKE ONE. 


“A LITTLE BIT оғ MATHEMATICS SHOWED THAT 5 GREEN RONE RED 
| СЕО WOULD PROVIDE AN Зу DROP, МЕ SOLOERED THEM TOGETHER. 
_& PLACED. THEM IN THE ТУ SET. “THEY WORKED PERFECTLY. 


AS Ям ADDED FEATURE THE І. LEOS ILLUMINATED BRIGHTLY AND 
_SRMOWED WHEN THE САСОт WAS OPERATING. | 


+ 


© 50 THAT THE 


006, REPLACEMENT 9 
џема 4166, = OV 


ORIGINAL, ZENER 
Е 444 ШУ” RED 


( 
[| 


„бу ¥ ORDINARY SIGNAL Diode. 
Қ, 5% 


СА HIGHER VOLTAGE CAN BE ACHIEVED WITH MORE LEDS OR SIGNAL 
DIODES . THESE ARE SOLDERED IN SERIES AND THE VOLTAGE OF EACH 
DIODE APDED To OBTAIN THE RESLLTING ZENER VOLTAGE. 


You WiLL NOTICE THE SYMBOL FoR THE ZENER ISIN THE OPPOSITE 
DIRECTION То THE LED SYMBOL „EVEN THOUGH WE ARE USING BOTH 
22 беуісеб AS A ZENER (ов. FIXED) VOLTAGE. “THE REASON FoR 
_ THIS 15 SIMPLE. THE LEDS ARE МОТ BEING OPERATED IN. THEIR, 
2 ZENER REGION But in THEIR FORWARD -VOLIAGE M22 WHERE 


THEY HAPPEN То DROP A CHARACTERISTIC VOLTAGE от. ABOUT 2 VOLTS. 


А 3mm RED LED CAN BE USED IN ITS. ZENER REGION BY TURNING 
С < AROUND THE OTHER мах. IT WILL ZENER ЯТ 20у бит NO LIGHT 


Па BE RELEASED. THE SIGNAL DIODE WILL ZENER AT І00У BUT. 
THESE VOLTAGES ARE NOT PRACTICAL тов, TRANSISTOR CIRCUITS. 


___НЕДЕ ARE THREE ADVANTAGES YOR PRODUCING A LED REFERENCE. VOLTAGE. 
я Othe WATTAGE WILL ЊЕ INCREASED. (2) THE LEO SIRING Мис NOT. 
2 SHoat-ciacurit, (Э THE СЕО STRING WiLL PRODU ВЕЕ”... 
POWER -ON INDICATOR. і сы: | 
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SUPER ZENER 


THE POWER WHICH CAN BE DISSIPATED BY A ZENER 0190€ сам ве 
INCREASED BY USING THE FOLLOWING CIRCUIT: | 


Маня оғ 
борев, ZENER е № 


| 


IN THIS ARRANGEMENT MOST OF THE POWER 15 pissipaTeD BY THE 
TRANSISTOR & THE ZENER DETERMINES THE VOLTAGE AT WHICH THE 
ARRANGEMENT WILL OPERATE. 


THE TRANSISTOR AMPLIFIES THE WATTAGE ОҒ THE ZENER & ТНЕ 
саст COULO, IN -THEORY DISSIPATE 100-200 TIMES THE RATING 
OF THE ZENER. BUT A ZENER REGULATOR IS Я VERY INEFFIDENT 
DEVICE & WE WILL BE CONTENT WITH RAISING THE WATTAGE BY A 
FACTION от 2 08.3. | 


THE Most COMMON ZENER DIODES ARE RATED AT 400mW Ў Ішатт. 
HIGHER WATTAGE TYPES MUST BE SPECIALLY ORDERED. 


_ WE CAN OVERCOME THIS BY ADDING A TRANSISTOR To THE ZENER 
то PRoDULE Я SUPER, ZENER, CIRCUIT. | 


THE VOLTAGE OF A SUPER ZENER сівсоіт 15 
Едма) то THE VOLTAGE OF THE ганаў Ша ОЕ 
PLUS THE BASE - EMITTER VOLTAGE ( 


22 ТІНЕ WATTAGE WHICH CAN BE DISSIPATED IN 
2 THIS CIRCvIT 16 DETERMINED BY THE 
| TI RANSISTOR . 


SE HIGHER VOLTAGES _ сам BE OBTAINED BY RAPPING 

ауа DIODES. THIS WILL INCREASE THE OUTPUT 

__ BN -бу STEPS. THE MAXImum VOLTAGE WILL 
_ DEPEND ON THE COLLECTOR -EMITTER VOLTAGE 
FOR. THE TRANSISTOR. КЖ. 


The: SUPER ZENER басьш. MUST BE KEPT IN 
Со NOLCTHON WITH A MINIMUM CURRENT OF 5- 
THROUGH THE ZENER DIOOE. 
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GATING WITH DIODES 


GATING WITH DIODES CAN BE A VERY SIMPLE WAY OF GETTING 
AROUND A GATING PROBLEM. DIODES ARE VERY CHEAP AND TAKE 
UP VERY LITTLE SPACE ‚AND CAN BE LOCATED ANYWHERE ON THE PC BOARD, 


UNLIKE GATES WHICH ARE GROVPEDIN AN IC PACKAGE. 
THERE ARE TWO MAIN WAYS OF CONSIDERING A GATING PROBLEM, 
ONE 15 CALLED POSITWE LOGIC ‚THE OTHER NEGATIVE LOGIC. 


POSITIVE LOGIC 19 NORMAL LOGIC & WE WILL COVER THIS SYSTEM. 


THE Two MAIN GATES ARE AND & OR. перат 
= AND: —o 9-9 о--- 
ІМ ELECTRICAL TERMS THEY ARE DRAWN: in 


ELECRONICALLY AN AND GATE CAN бе 06: | =. | 
| 2 DIODES: | 


CONSTRUCTED WiTH 


PULL-UP RESISTOR 


INPUT A 
OUT 


2. -INPUT AND GATE. 
THE OUTPUT LINE WILL RISE ONLY WHEN LINES A&G GO МеН, THE PuLL-vP 
RESISTOR DOES ALL THE PULLING-UP. NO CURRENT 19 DRAWN FROM 
LINES A ORB, 


BY ADDING а TRANSISTOR То THE AND GATE WE GET AN INVERSION 
сё сот. THE RESULT 75 8 NANO GATE, 


INTHE CIRCUIT ABOVE, WHEN Lines N % 6 ARE AT ZERO POTENTIAL, THE 
“бу THIS 


ANODES OF THE GATING DIODES ARE AT A. POTENTIAL OF 
MEANS THE TRANSISTOR IS AT THE VERGE OF CONDUCTION AND DOES 


NOT LEAVE ANY MARGIN FOR ERROR. 


AN IMPROVED DESIGN INCLUOES AN ADOITIONAL ОФОЕ In THE BASE 
Но DIODE миш. DROP А, CONSTANT «бу AND THIS MEANS THE 


LINE. | 
BASE MUST Risk (-Gv х го) 12м BESO 


RE THE TRANSISTOR Миг. 
TURN ON.— SEE NExT PAGE. за. 
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зале Ths RESISTOR PREVENTS | 
=. THE BASE “FLOATING | HIGH.. 


AN ALTERNATE DESIGN PLACES THE DIODE IN THE | 
EMITTER LEAD. THE BASE MUST RISE TO 1:27 
TOR THE TRANSISTOR TO TURN ON. THERE 156. 
ONE ORAWGACK TO THIS ARRANGEMENT. “THE. 

COLLECTOR WiLL NOT DROP TO BELOW «Фу. 
Оде TO THE ОлобеЕ. & COLLECTOR, — EMITTER, | 
JUNCTION VOLTAGE. 


К ы NUMBER OF INPUT LIVES Сам. BE ODED ANO THE RESULT. 
i PRODUCES A VERY ECONOMICAL Яно GATE. 


С SEPARATING RESISTORS ARE МОТ REQUIRED IN THE INPUT LINES & 
ANY LING сам GO HIGH WITHOUT THE ЕТЕ о DAMAGING THE. BASE. 


“How т HE AND GATE WoRKS: 


Fi WHEN INPUT LINE Я 15 HIGH & 6 15. Low THE OUTPUT OF THE AND | 


К, = PULL -UP RESISTOR 


Gare WILL BE Low. THIS IS OUE то DIODE в BEING CONNECTED IN THE 
- FOWARD - BIAS DIRECTION & THUS іт ОҚОР5 A CONSTANT °бу ACROSS. ITS 
JUNCTION. THE RESISTOR R WILL BE TRYING TO PULL THE OUTPUT 
re VOLTAGE HIGH њи THE LOWER DIODE WILL PREVENT IT, 


НЕ VOLTAGE ом LINE А HAS Мо EFFECT Ом THE OUTPUT OF THE. 
„GAIE 85 Оюов A 15 REVERSE ~ BASED & сам WITHSTAND. 
-. Ме AGES. ОР Ло 100У. – МОТ THAT LOGIC SHOULD GO THAT Hey! 


© Тае отрут CURRENT OF THE AND GATE 16 DETERMINED BY THE | 
JALVE от RESISTOR R. WHEN. TRE OUTPUT IS Low THIS CURRENT о 
5 TERMEO SBLEED CORRENT’ & Flows THROUGH THE DPIODE(S) 
ITH. THIS CURRENT IS ‘WASTE’ CURRENT & MUST ВЕ 
е я. Minimum FoR, әр. DESIGN. 
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| TE R GATE. 


OLTAGE. 8, CURRENT 15 SUPPLIED (To THE олтоту cy 
сыа. THUS. A PULL- ‘UP Пы зр 15 МОТ. Жы Ж 
Т THE ovtpuT \FLOAT NG’, ‘Gs 


о Е т | на 


TA оутрут. оғ. THIS, ante мш. Gb. HIGH. WHEN Line A OR B 15 HIGH 
AND ALSO WHEN BOTH. INPUTS ARE. нен) 


Ки LARGER 06). GATES сам. BE CREATED | BY ADDING мове О000Е5 & THIS __ 
| _ CREAT ES. A VERY Low COST GATE. 


а VOLTAGE Овор. оғ бу 15 lost ACROSS EACH ‘DIODE BUT THIS WILL + | 


| смет. AFFECT ANY ART USING THIS 08 GATE. 


NOTE THAT THE HIGH . 
Слоре AFFECTS. THE 
OUT PUT. | 


___оот. (нем Any MIODE GOES | 
HIGH, THE OUTPUT GOES. we. 


| а ‘Nog GATE сам. BE PRODUCED. еў. | 
4 | (ж. сом л BING AN ОЙ, GATE WITH THE 
22 400 22222 IN VERTING PROPERTIES or ВЕНИ а 
JK То (ок, 12552 ~ TRANSISTOR.. СВ Пан ы 


ТЕ ЕТТІ _ ERS ааа = “Тик BASE ‘RESISTOR. PREVENTS. 
(И THE VOLTAGE ом TH BASE. 
„ы ЛИРИ ЕЛ ЛІ 96. ‘FLOATING | 
Bi. о АЕ шега GATE 15. мол ВЕ 
22-10-1001 = -Acr WATED. Жа 
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~~ Six PRACTICAL DIODE GATES | 
той. Смоб CaRCUITS eo. © „ - 


2k7 -10K 
097 


2К7 ~ ок; 
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і. neni NOW ON WE ARE сома To TALK ABOUT CHIPS. THESE ARE INTEGRATED 

22 СаАбсотб & LOOK LIKE A BLACK. PLASTIC PACKAGE WITH PINS EMERGING 
FROM. EACH SIOE. INTEGRATED CIRCUITS сомтам LOTS OF TRANSISTORS 

_ (твом 15 TO 30,000 амо мове). GUT THE MAIN DIFFERENCE BETWEEN A 
Ч TRANSISTOR, ANO AN INTEGRATED CIRCUIT IS IN THE SYMBOL. 


| INTEGRATED CIRCUITS ARE SO COMPLEX THAT WE USE 
228 BLANK RECTANGLE On THE CIRCUIT DIAGRAM & 
INCLUDE THE TYPE -NUMBER, ABE IT. BECAUSE IT 15 
_. BLANK, YOU WILL HAVE NO 1064 WHAT 15 INSIDE THE А 
CHIP. THAT'S WHY IC'S OPEN ОР В WHOLE NEW | AN МС” 
Conceet То DESIGNING & SERVICING. EVEN “THOUGH 
IT MAY BE NEW, 17 IS NOT OIFFICULT To FoLlow & You CAN PRODUCE 


A Ri MORE COMPLEX. DESIGNS THAN WAS EVER POSSIBLE WITH 
_ TRANSISTORS. ао Я 


| avo You CAN SET THEM To WORK SUCCESSFULLY IN LESS TIME THAN 
WITH DISCRETE COMPONENTS. 


CHPS COME IN маму SHAPES & SIZES BUT THE MOST Comm м TYPES 
ARS. % PIN , а PIN 416 PIN. AS THE NUMBER ОГ ‘SECTIONS’ OR 
NWLOCKS' INSIDE THE CHIP INCREASES „ТНЕ NUMBER OF PINS MUST ВЕ 

INCREASED. 1% Рим › 20 PIN p 24 PIN, 2% PIN, & 40 PIN COMPLETE THE 

RANGE. 2ZPIN. S4PIn 


THESE ALL HAVE AN EQUAL NUMBER ОС PINS Down THE LONG EDGES & 
GWES THE стр THE NAME “QUAL - пз- че” ок DIL. THEY 

CAN ALSO BE CALLED DIP FOR DUAL -INLINE — PACKAGE, 

CHIPS SHOLLD ве HANDLED FAIRLY CAREFULLY & ONE OF THE MOST 
DANGEROUS MATERIALS TO PLACE NEAR OR UNDER THE CHIP 1S PLASTIC. 
ALL TYPES OF PLASTIC ARE INSULATING MATERIALS AND THEY HOLD A 
CHARGE ON THEIR SURFACE WHICH CAN ENTER THE IC PINS Яно 
DAMAGE “THE SUBSTRATE WITHIN, 


ANOTHER WAY TO DAMAGE A CHIP IS WITH EXCESS HEAT WHILE 
SOLOERING, OR WITH A REVERSE VOLTAGE. ТО PREVENT THIS FROM 


HAPPENING, USE IC SOCKETS & CHECK THE CHIP BEFORE CONNECTING 
THE SUPPLY. 


UNFORTUNATELY CHIPS CAN BE PLACED ім SOCKETS AROUNO THE WRONG 
мах &RTHEY WILL BE INSTANTLY DAMAGED! To PREVENT THIS You 
MUST IDENTIFY PIN 1 BEFORE INSERTION, 


THIS 15 DONE BY LOOKING FOR Я NOTCH OR 
DIMPLE INTHE CASE, NEAR Рим 4. DO NOT Shee 
Go BY THE WRITING ON THE CHIP AS IT ў 
CAN BE UP- SIDE - DOWN. 


_ INTHE NEXT PAGES WE WILL INTERFACE 
Слом) TRANSISTORS TO INTEGRATED 0 | 
CIRCUITS Ким NOTEBOOK Э, COVER LOTS NOTCH 
MORE IC MYSTERIES. 
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РМ. NAMES 


HERE ARE ‘SOME ог” THe айе You ИТЕ ОМ INTEGRNTEL 
1; 1 


2513 Сет PINS. THERE ARE LOTS MORE то 8 COVERED. ЊЕ: Е 


ANY WORDS OR LETTERS WITH A BAR ( 
22 “бст Low" "THIS MEANS THE Рич WILL 
- INTENOED.. FUNCTION WHEN. т HAS A Low | 


CONNECTS TO. POWER : 
RAIL М об У \ а. 5. 
сё ( (оо) — | TO ZERO WHEN THIS. 
‘Live 45. nee ALSO. 
INPUT OR crock tine | ae 
2 (PULSES SHOULD ВЕ _ THIS DIAGRAM. 
_ SQUARE) СД сомаме5 
а | - NAMES FROM 
Pe ie Жм MANY CHIPS 
| 20505 THE ER EG: 
zl cn е with OMA | _ 4017 
след ита аав 
999 INAIBIT — n UE ni 
боси ENAGLE. а Sn 4026 мет, ` FREEZES" 
МЕ | ер 2 Даре тв I | 
WHEN HIGH, ALL ж дева! 
LAMPS (LEDS) _ Team Е See ЕСІТТІ 
| ARE TURNED ом ім Ba Жз ім n М __ Сам ALSO. ВЕ. 
THE DISPLAY BEING _ Дес ни Ета 2 с CALLED RN 
% OR EN. ЗЕН ыс ща С ENABLE. 

Bie - BLANKING Era ШЕ -- OUTPUT abiada | 
ANPUT. TURNS OFF қылы | М Swi T CHES OUTPUT . 
| au LAMPS WHEN Ш 0. EIER | FROM ` “OPERATING” 
| МЕ чере етс) азгы Ми Е Теа нан. | 

| саналатынын 1 IMPEDANCE STATE 


ся ETE gota OPERATION OF A PIN. WILL. ОЕРЕМО. ом me. CHIP түре. 


| те. DESCRIPTIONS ABOVE ARE ONLY GENERAL. АН овта SHEETS. Ж. 
be CONSULTED, Be ди 
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NOT. ЗЕЕ. INSIDE. A CHIP OR A GATE 50, To HELP UNDERSTAND 
[ iLL RIBE AN i ELECTRICAL EQUWALENT. 


HiS зада. FAEN | в) | | 
РЕ RECOGNISED сета с 2 6 GATES 
FoR THE EXAMPLES ABOVE WE DRAW THE INDWINVAL GATES IN 
REFERENCE ТО THE BLA К RECTANGLE. AS EACH GATE WILL APPEAR AT 
OIFFERENT PARTS OF A SCHEMATIC. 


ЕЕ FOLLOWING. савам. ОВЕ RELAYS & сомтаст 570 DEMONSTRATE 


AND, oR & NOT. FUNCSTIONS : 
WHEN @oTH INPUT Lwes Я AND б HAVE A 


VOLTAGE ON THEM, THE 2, RELAYS 
INSIDE THE BUILDING BLOCK ARE 
ACTIVATED 9, VOLTAGE WILL APPEAR AT 
THE OUTPUT. A VOLTAGE ON ONLY LINE А 
__ OR Line В ми NOT PRODUCE A VOLTAGE 
AT. THE OUTPUT. IT REQUIRES A VOLTAGE 
ON бола LINES A RAND е. 


EITHER iwevt A OR В ми рвоорсе A 
HIGH ON THE OUTPUT. 


WHEN NO PowER 15 APPLIED To THE. 
_ INPUT LINE THE OUTPUT IS HIGH. 
THIS IS EQuivALEny ТӨН ‘NOT! 

-GATE Мз INVERTER... ERIAN 


мы THESE. ARE ONLY. а мете 
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USING GATES 


THERE ARE З BASIC GATES ON WHICH DIGITAL ELECTRONICS 15 BASED. | _ 
(THERE ARE ALSO SOME COMPLEX GATES WHICH WILL BE DISCUSSED LATER), Е. 


THE З GATES ARE AND, OR МОТ. THE SYMBOLS FOR THESE GATES 


Д неве un аю 
THE POWER, 
ју ІН” —[>о- 7 RAILS WE 
DO NOT ў 
ОВ, NOT a Оками? Ш 
THESE SHAPES HAVE BEEN CHOSEN AS THEY ARE QUICKLY RECOGNISED. : 
“ІНЕ POWER RAILS To THESE GATES ARE NOT DRAWN ӨМ THE CIRCUIT ER 
DIAGRAM To KEEP IT SIMPLE . OBVIOUSLY THEY MUST ЊЕ PRESENT ON THE 3 
PROJECT & WE TAKE THEM FOR GRANTED. WITHOUT THEM IT'S HARD ТО 
SEE WHERE THE CURRENT FOR THE OUTPUT COMES FROM. — WE KNOW 
IT COMES FROM THE PowER RAIL. 


NEW GATES CAN BE PRODUCED BY COMBINING "THE Ж zen ABOVE : 
BY JOINING THE TWO INPUT LINES OF AN AND ок ОВ, GATE: 


WE GET A BUFFER AS REPRESENTED BY THE FRIANGULAR с ee dae 


BY COMBINING THE AND GATE WITH A NOT GATE we вета NAND: 
NANO. 
“THE SAME APPLIES То AN OR GATE To Propuce A NOR GATE 
08, + NOT мов, | 


LoGic GATES CAN BE COMBINED TOGETHER, To ACHIEVE A PARTICULAR 
RESULT. THIS MAX INCLUOE 5 OR MORE GATES: 


SIMPLE LOGIC IS PRESENT IN CARS & INDUSTRY, THIS 15 DONE МАМУ 


WITH SWITCHES) BUT IN ELECTRONICS МЕ MUST USE DIGITAL GATES 
BECAUSE OF THE HIGH SPEED OF OPERATION ALow POWER CONSUMPTION. 


COMPUTERS & BURGLAR ALARMS ARE EXAMPLES OF CIRCUITS USING 
GATES. AND ALSO INDUSTRIAL CONTROL EQUIPMENT, DIGITAL SIGNS, ELECTRONIC 
GAMES & SO MANY OTHERS. THAT'S WHY WE ARE COVERING THEM. 
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ЧЛЕ ‘AND GATE NWG Њу KEN STONE 


HERE WE LOOK A BIT MORE CLOSELY AT AN Эмо 


© сами“ 
GATE. ITISNOT REALLY. SITTING IN OWE 


ба ова 
CORNER OF THE CHIP BUT IT HELPS 
ТО SHOW ІТ THIS way, | 


THE сні? CONTAINS 4 AND GATES 
Я WE HAVE USED ONE. 


“THE LAYOUT ABOVE CLOSELY 
FOLLOWS THE SCHEMATIC & 
YOU CAN SEE HOW THE 
COMPONENTS ARE ARRANGED 


© THE ELECTRICAL CIRCUIT 


BELOW SHOWS WHAT WE ARE 
ACHIEVING. 


ne NOTE: THIS сбит NEEDS 


PULL- DOWN RESISTORS ОМ 

"THE INPUTS. THEY HAVE 
BEEN LEFT OUT FOR, 
CLARITY, 


-а-- THESE ARE 
ІМ PULL ~ DOWN 

RESISTORS 

AND CIRCUIT | ак 
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ЕВЕ | 


nr Een 

= ПОЕМЕ > A TRANSISTOR саси то A рети CIRC 

_ фета. CIRWITS. IT _ EVEN INCLUDES CONNECTING 
ја. CIRCUIT To A TRANSISTOR CIRCUIT. a 


а отера IMPEDANCE оў ONE CIRCUIT 
ПРИЕ: INPUT OF THE OTHER Block, 


Someta MES You CAN. матен THE TWO мин A CAPACITOR, : 
OTHERTIMES Я RESISTOR WILL BE SUFFICIENT. AND IF You. ‘ARE 

— REALLY LUCKY THEY WILL DIRECTLY COUPLE WITHOUT. THE 
NEED FOR ANY COMPONENTS. | | 


BUT MORE OFTEN THAN МОТ You wi HAVE To 400 INTO. тне ІНЕ 
NEED ТОА AT LEAST ONE COMPONENT. 0. | 


Ет SELECTING THE CORRECT VALLE 15 THE sur or INTERFACING. || 


Стае EASIEST WAY То PICK THIS LP 15 WITH A и tos EXAMPLES; AND 
TH THIS WILL BE ouR APPROACH. | С eae = ў 


“їйє OUTPUT оғ A DIGITAL ссыт 15 CAPABLE. оғ DELIVERING 
BETWEEN 3 AND 20 mA, DEPENDING ON “THE FONCTION. Of me 
Сем. IF You WANT TO OPERATE ARELAY OR OTHER DEVICE __ 

REQUIRING MORE THAN 2OmA, You MUST. ‘ADD. а DRWER STAGE. 


mis STAGE WILL DER FORM 2 FULNCTIOND: Қамын 

ray IT WILL DELIVER THE NECESSARY CURRENT TO THE RELAY. ~ 
IT WILL MATCH THE VOLTAGE NEEDED BY THE RELAY 19, THE | A 
„NOLTAGE ОЕПУЕВЕО - x пая DIGITAL сиот, Жек ых 


сля дан Vortag: Zv то Бу 


“THE OUTPUT: CAPABLE OF 
DELWERING. ‚or те Por! 


бум Typs от Бета. 
Боем BLOCK, = 


TRANSISTOR, oR = i 
ВЧЕНЕ RI 
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BUFFER BECAUSE іт “BUFFERS” OR 
WIDELY DIFFERING CIRCUITS... 
|. WITH A BUFFER You CAN ALMOST MATCH “ANYTHING " To “ANYTHING |. 
Т 15 BECAUSE A BUFFER REQUIRES LESS THAN THE VALUES | 
21 ОЕШЈЕВЕО ВХ THE PREVIOUS CIRCUIT & CAN DELWER MORE THAN 
“REQUIRED BY THE OUTPUT DEVICE (THE LOAD). | 


— М 098 CASE THE BUFFER, TRANSISTOR REQUIRES ‘ONLY “бу амо "Бой 
(ат PONT B) FOR IT то OPERATE THE RELAY. | | 


| ТЕ ортрут ог THE DIGITAL CIRCUIT 15 CAPABLE OF DELIVERING | 
А WGHER VOLTAGE & CURRENT “THAN REQUIRED BY THE TRANSISTOR 
% THE BASE RESISTOR "ABSOABS THE EXCESS., ы 


С ив IS How IT WORKS: 00-2 


ASSUME THE OUTPUT VOLTAGE OF “THE DIGITAL CIRCUIT 15 Юм. THE . 
_... BASE WILL NEVER RISE ABOVE “бу AND THUS 9.4 м WILL ВЕ і 
_ DROPPED ACROSS THE RESISTOR. THIS VOLTAGE DOES NOT HELP 

2.08 DETERMINE THE VALUE OF THE BASE RESISTOR. WE NEED ТО 
_ KNOW THE CORRENT FLOWING. . 


IN OUR CARCUIT THE BASE CURRENT REQUIRED 15 Іта. THIS WILL 
` FULLY SATURATE THE TRANSISTOR AND OPERATE THE RELAY. 


вом OWM's гам THE VALVE OF THE BASE RESISTOR 15: 


VSE А IOK RESISTOR. 


“THIS BUFFER RESISTOR 16 PERFORMING 2 5085: 
TIS COVPLING THE ІОу OUTPUT ТОН -бу INPUT. 
TIS LIMITING THE CURRENT ТО | та. 


QUESTIONS kp 
О, WARY IS THE TRANSISTOR AMPLIFIER NECESSARY? АТА 
a 2. Cov_O THE RELAY ВЕ REPLACED WITH Я SOmfl GLOBES 2- 


"8. оомат 16 THE TRANSISTOR AMPLIFIER CALLED ? 
_ А. WHAT IS THE FUNCTION OF THE BASE RESISTOR? ____. _______ 
2 55 сам THE BASE RESISTOR BE CALLED A BUFFER RESISTOR? ________- 
_ б. WHAT OETERMINES THE VALUE OF THE BASE RESISTOR 214 
ЕЕ ть мава: ACROSS т тыуа ee 
(1) THE CORRENT TFZLowin@ THROUGH IT. 


То овцувв, бота. 2.чЕ5. 5. burFeR". 4-10 SEPARATE THE Two | 
SAGES, 5. YES. 6 НЕ CHRBENT.. 1-11 
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INTERFACING (Әөміме) A TRANSISTOR STAGE То A DIGITAL STAGE 


THIS MEANS 8 DIRECT COUPLING THE TWO. 
SELECTING THE VALUE OF LOAD RESISTOR. 


THE INPUT IMPEDANCE АЕ 
еў A DIGITAL STAGE IS VERY _” 
HIGH Ж THIS MEANS IT wik | 
REQUIRE ALMOST NO ка: 
TO ORWE IT.. aie т 


ІРНІБ MEANS LOAD RESISTOR 
сам BE FAIRLY HIGH каси 
ім) 

TRANSISTOR (В) wie BE A SMALL 

SIGNAL DEVICE (THIS REALLY 

Папа; STAGE. MEANS Я SMALL CURRENT 
Device). 


TRANSISTOR, STAGE 


улы. BE HIGH (100K) AS THE BASE CURRENT FoR THE. 


BASE RESISTOR % 
TRANSISTOR WILL BE VERY SMALL. 


WITH HIGH VALUES For Resistors (2) & (4) The Transistor STAGE 15 SAID 
То БЕ ATAIRLY HIGH IMPEDANCE STAGE. = 


-THE INPUT LINE IS QUITE OFTEN CALLED A 


ч 

пазен CLOCK LiNE BECAUSE IT RECEIVES PULSES 

НН WHICH “CLOCK” ("TURN -OVER “| INDEX, INCREMENT, 
CAUSE - To- COUNT OPERATE) THE COUNTING 


CIRCUITS WITHIN THE STAGE . 
в. | | 
(For я юу авилт) 


= бу 


Cloak ӨТЕМЕЙ 
CLOCK PULSES MUST BE HIGH AMPLITUDE PULSES WHICH CHANGE FROM ONE 
IN OTHER WORDS THE RISE ANO 


GIATE To THE OTHER VERY QUICKLY. 
FALL TIMES MUST ФЕ FAST. 
THE INPUT LINE TOA DIGITAL STAGE мост хоў BE CONNECTED To THE 


ORWER STAGE ма а CAPACITOR = 


DIGITAL 
CIRCUIT. 
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| SENTA SA REASON | ғой, Tas. 
N THE INPUT LINE (элим THE OIGITAL EN ARE PROTECTION DIODES (оў wHicH 
WE HAVE SHOWN | ONE) ___ 


——THis 18 A НЕО EFFECT TRANSISTOR, 


“THE PULSES ARRIVING VIA THE CAPACITOR WILL BE RECTIFIED BY THE DIODE 
UA VOLTAGE WILL BUILD VP ON THE INPUT LINE DUE To ITS VERY HIGH 
IMPEDANCE... “THIS VOLTAGE WiLL PREVENT THE DIGITAL ~ 
САТ GOING LOW & IT WILL NOT COUNT. 


A BLEEO RESISTOR 15 NEEDED To REMOVE. THIS CHARGE: 


THIS WILL MAINTAIN THE 
DC CONDITIONS FOR THE 
INPUT LINE, 


THIS RESISTOR, 15 CALLED 
a“ BUFFER" RESISTOR. 


ЗОНА | | К BUFFER, RESISTOR, . 


‘Some CHIP TYPES (FROM VARIOUS Manufacturers) Do мот INTERFACE 
SATISFACTORILY WITH TRANSISTOR STAGES. THEY FAIL TO | 
CLOCK (Сост) тов. мо APPARENT REASON. | 


“THIS SEEMS To BE OVE TO THE INPUT IMPEDANCE OF THE DRIVER STAGE 
ANOJOR THE RISE TIME от THE WAVEFORM BEING AT FAULT. 


ёх INCLUDING A BUFFER RESISTOR THE MIS-MATCH OF THE Two STAGES | 
15 REDUCED & THE сні? FUNCTIONS PROPERLY, та 


TuS FAULT IS MOST OFTEN NoTICED WHEN В CHIP IS REPLACED BY. ара 
SAME TYPE-NUMBER FROM. а DIFFERENT MANUFACTURER . WHEN | 
REPLACING CHIPS KEEP To TUR RAME.. MEINLFAETORER, _ Е. Е 
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ONE от THE Most ПОЕТ CONSIDERATIONS WHEN. BUILDING а 
DIGITAL СЕ Е 15 THE SHAPE OF THE INPUT SIGNAL. 


EDER IT Must HAVE A. TAST RISE 
RISE | а зови ee & FALL CHARACTERISTIC, AS 
Ar... Іс SHOWN ON THE SQUARE WAVE 
вы 14 | ШЕ БА CIRCUIT г OPPOSITE. BORN EES е. 


IF THE INPUT SIGNAL 5 ‘Not RIGHT, “ІНЕ CHIP WILL Мот Fincha. = 
CORRECTLY.. LT WILL EITHER, FAIL Зе COUNT ат Өш ов Чоме RoR 


This Is IDEAL 13 ана BE OK. THIS IS NOT SER Nan ao 


COUNTS. IT MAY EVEN JUMP 10 ой, 20 COUNTS DEPENDING ON THE 
STEEPNESS (OR LACK THEREOF) oF THE WAVEFORM, 


_ WHAT. MAKES. IT JUMP 3 Р 


-те JUMPING. TAKES” PLACE WHEN THE WAVEFORM 15 авечт. НАШЕ WAY 
BETWEEN HIGH AND. LOW. "THIS IS AVERY DANGEROUS REGION. FoR. HAL 
DIGITAL CHIPS © THAT'S WHY THE INPUT LINES MUST NEVER BE 

ALLOWED то. "FloAt" 4 OR REMAIN IN A мо “VOLTAGE CONDITION. 


онат HAPPENS 15 THe. INPUT LINE BEGINS ТО SENSE STATIC. CHARGES 
_ FROM THE 918, & ALSO RANDOM NOISE GENERATED WITHIN THE 
INPUT. TRANSISTORS | CAYES THE Оплата. CiRCuIT То CLOCK VERY. 
RAPIOLY. . і. : 


FORTUNATELY | er EFFECT TAKES A FEW MICROSECONDS еще Somes шши 
TIMES MILLISECONOS) То START & IF YOU PASS THIS DANGER REGION 
= viar op ша = ліс NOT HAVE TIME TO START ОР. 


THIS 15 THE е 
ees REGION 


| ee TuE VERY SHORT PERIOD OF TIME A DIGITAL CHIP СО. 
“THINK" THE INPUT LINE 15 OPEN OR FLOATING & NOISE PULSES WITHIN 
“ІНЕ CHIP WILL ВЕ AMPLIFIED SUFFICIENTLY To CLockK THE CHIP, . 


Н HIS. WILL OUR. ATA VERY HIGH SPEED. THE CIRCUIT WILL CONSUME _ 


EXTRA POWER Fr ЈЕ HAVE GEEN Того THAT THE CHIP WiLL SELF- 00 
| Оретачст.. ве Bee | 
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снр. ошен HAVE FLOATING INPUTS ча 
7 ТЕ. ANY UNUSED INPUTS. Те THE 


THE. RISING EDGE OF THE CLOCK. PULSE WHILE ШЕ | 
а. FOGE.. Да ERST. CAN | ps емер 


| OVER S SPEEDING UP A MULTIVIBRATOR’ "ве You 
Wit RECALL ща SHAPE OF A ао’ WAVEFORM. 


D КТ) HIS. WAVEFORM ома. сво oo WILL ВЕ ASKED TO “SPEEQ UP | 
TRE А бувам" тіні. MEANS py ee Ne up THE LEADING (OR... 
аца мава и 

| IE обсшщетов,! MEANS То. INCREASE THE FREQUENCY. 
OF THE OSULLATOR ai MAY NOT HAVE ANY SIGNIFICANT БЕКЕ | 
| ON. THE WAVEFORM . ва га | 


Чоъ МЕ. “CHIPS ARE. “VERY TOLERANT. “THEY _ ГЕТЕ ACCEPT SLOW, 
_.. Noisy WAVEFORMS... THE SECRET LIES IN THE FACT THAT THEY. 
_ МАУЕ. а. SCHMITT TRIGGER CIRCUIT BUILT INTO THE INPUT Line 
| ELY MAKES THE LINE IMMUNE То NOISE PULSES. 
в. As. WELL AS THE peas То SPEED UP A SLOW. 


| Some. MANUF ера бо мот INCLUDE THIS FEATURE IN ALL = 
“THEIR. Ср & THAT'S WHY A CIRCUIT мам СЕ aka WHEN .. 


г а Са 15. SUBSTITUTED. 


С таб VERY DIFFICULT To зах WHEN RANDOM CLOCKING WILL 
DOOR In А CRUIT AS IT DEPENDS ом THE ТҮРЕ OF CHIP, ITS 
без. CAPABILITY, THE SUPPLY. VOLTAGE, TEMPERATURE, & THE 


SHAPE Әү THE IN COMING а тозга, 


To PREVENT. ANY @о®®ъ\ёфш тү та RANDOM CLOCKING! THE Wave ТОР. 

“40910 ФЕ 85 “FAST " AS POSSIBLE. | да 
As тие FREQUENCY OF AN OSCILLATOR, INCREASES, THE SLOPE oF 

THE FRONT EDGE WILL BECOME ФТЕЕРЕВ,. THUS THE POSSIBILITY OF 

RANDOM CLOCKING WILL DECREASE. 


THESE ARE THE д GoLden ЌисЕ5 


1, NEVER LEAVE AN UNUSED. GATE OR INPUT LINE "OPEN. ТЕ IT 


г HIGH ОА. Low. 
5, NEVER SUBJECT AN INPUT LINE To EXCESS NOISE Зра 
B NEVER PERG а. черо 3 MABE DEM 19 AN INPUT МЕ ooo 0. 
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___| Те AM FY 

_ 2.710 DELIVER. HEAVY CURRENTS Senne 10. 
| БЕЛО MATCH. я DIGITAL CIRCUIT вени а Ory © 
РЕ Р ы DIFFERENT VOLTAGE. 


Ti пре OFTEN NEEDED WHEN USING ea WHIC 


= Low. OUTPUT, ес. A MAGNETIC PICK-UP COIL, Я PHOTO EYE, Я! 
= RED RECEWER OR AN ELECTRET MICROPHONE. 1 
REQU RED GET THE. PULSES FROM THE. оваа тө 


"рыта... | 
CIRCUIT 3 ШК. 
| Е RuFFER _ 
RESISTOR, 


UT ЖЕНТ OF а DIGITAL CIRCUIT. CAN. BE. Rin FROM. 
› (бота OR MORE BY INTRODULING A TRANSISTOR DRIVER, | 
THIS WILL ENABLE N LOAD Such AS 8. RELAY OR GLOBE то. 
D THE CIRCUIT ABOVE IS. CALL ED Н. aS THe ЕМ TER, 


1 ў | TOR ссыт. 
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т не | positive ври. 


Е ТУД j (WEAR THE 
5 ЊЕ. RE- “ARRANGED THE LOAD 


Lag. БЕ ЕЕ „бот IN THIS 


12, МАХ Ж МОТ NEEDED 
а. DEE TEXT. 


| RELAY CONNECTED 


ќ ім Tae EMITTER- - FOLLOV ВЕНЕЦ РЕД THE BUFFER- 
RESISTOR 15 NOT NEEDED. |- > PURPOSE WAS TO SEPARATE "THE 
г HIGH out PUT. VOLTAGE OF TAL CIRCUIT FROM THE °бу мак 
_ KRISE OF THE BASE. WITH MITTER FOLLOWER ARRANGEMENT 
TAE BASE wie RISE TO THE Raw VOLTAGE & Tuus THE BASE 
_ сам BE CONNECTED. OIRECTLY | Т THE OUTPUT ог THE DIGITAL CIRCUIT. 


zu: SUPER - ALPHA. PAR сам BE CONNECTED га HIGHER LOAD 
CORRENT IS REQUIRED. THIS TYPE OF ARRANGEMENT HAS ALREADY 
BEEN COVERED. ep NEED oR ABSENCE OF THE BUFFER, HAS ALSO 

BEEN DISCUSSED. 


THE CHOICE оғ aRU WILL. ОЕРЕМО ON: 
THE LOAD TO BE PLACED МЕН OR LOW 
а праг CURRENT WHEN | Soli HIGH об, LOW. 


_ Loan’ нен’ 
| - INPUT “HIGH” 
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3 MATCHING VOLTAGES 


3 «гт CIRCUIT ->-|-4- TRANSISTOR = CMOS CIRCUIT а 
CROVIT = 


TTL CHIES MUST BE OPERATED FROM Я бу RAIL WHEREAS CMOS. CHIPS _ 
WILL PERFORM BETTER ом Я І2у RAIL. 


THIS TYPE OF HYBRIO ARRANGEMENT SHOULO ВЕ AVOIDED GUT IF МО ae ® 


CHOICE 15 AVAILABLE, You CAN MATCH TTL TO CMOS WITH A 
TRANSISTOR BUFFER STAGE. 


THE TRANSISTOR DOES NOTHING MORE THAN CONVERT THE Бу OutPuT OF 
THE TTL STAGE то AI2V SIGNAL FOR THE CMOS STAGE. THIS 15 
NECESSARY AS THE CMOS CIRCUIT MUST HAVE A Ту INPUT SIGNAL FOR 
RELIABLE CLOCKING. А Цвтакавт) 


MATCHING AROUND THE OTHER WAY (cmos ТО TTL) REQUIRES ONLY 
Я RESISTIVE VOLTAGE - DIVIDING NETWORK. 


4. IMPROVING THE WAVEFORM. 


ж; 


CANGE вт THIS POINT ANO PRODUCE A 


FAIRLY GOON 
IT WILL TURN OFF AT THIS POINT SQUARE WAVE 


"THE INCLUSION OF Я TRANSISTOR IN THE FRONT ENO OF A DIGITAL 


CIRCUIT WILL ALLow “SLOW " WAVESORMS ТО BE CONVERTED INTO 
AN ACCEPTABLE FORM. 


THIS IS ОЗЕ TO THE TRANSISTOR RESPONDING То ONLY THAT PART ОР 
THE WAVEFORM WHICH IS BETWEEN бу & -65V fe Отеќам5 
аи SHOW У НЕМ. THE низа TURNS ON 9 OFY 
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ANSISTOR. тавы! CHANGES иа а нен то Я 
ABOUT. 5OmV. AS THE WAVEFORM PASSES 
( “THE TRANSISTOR. DOES. NoT думР 
THUS WE SAY THE CIRCUIT 15 “NOISE IMMUNE” 


THE DIGITAL CIRCUIT 
NEVER, SEES THE 
UNRELIABLE PART OF 
THE WAVEFORM. 


VERORM AT В. 


CIRCUIT сам. ве ALTERED BY THE INCLUSION OF A TRANSISTOR, 
ER NORMAL CONDITIONS A DIGITAL CIRCUIT WILL RESPOND 
ULSE WHEN MAT To абомт ёк, ре оғ RAIL 


Са Кунева, а тва! SISTOR PRE - STAGE IS INCLUDED THE BASE WILL RESPOND 

WHEN THE CLOCK LINE REACHES "65v. “THIS VOLTAGE WILL OCCUR 
BEFORE THAT REQUIRED Тө CLOCK A CMOS CIRCUIT & THUS THE 
TRANSISTOR HAS SPEEDED UP THE PROPAGATION (-Тімінаҙоғ THE CIRCUIT. 


у п a WAVEFORM ~a | аи! AV 


 ATRANSISTOR wur И | | 
В CMOS CIRCUIT Мі TURN ON 


Тобы ом НЕВЕ — => 
НЕ | аня, HERE 
| THIS 15 THE DIFFERENCE (ич TIME) BETWEEN THE 
мо CIRCUITS. 


WE CAN USE. THIS FEATURE ТО GET Я PRE-WARNING OF THE ARRIVAL OF 
A PULSE. ов, PRODUCE A VERY SENSITIVE PHASETDETEFTING CIRCUIT. 


_ THE TRANSISTOR CIRCUIT 15 CALLED AN ANALOGUE STAGE & THE 
CMOS 15 DIGITAL. THE COMBINING от ANALOGUE WITH DIGITAL ENABLES 
AN INFINITE NUMBER OF VERY CLEVER, CIRCUITS To BE DESIGNED. ALWAYS 


Сомо ове THE POSSIBILITY OF COMBINING THE TWO. 


WHEN Two DIFFERENT SYSTEMS ARE COMBINED, THE RESULT 15 CALLED 
WITH THIS You GET THE ADVANTA се оғ EACH SYSTEM 


YBRRıD. 
< PRODUCE EFFECTS NOT AVALABLE WITH ONE SYSTEM ALONE. 
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THE RESET LINE Te by Кем STONE. 
тра "СЕЧЕ ЗУР. BELOW | 
THE CIRCUIT DIAGRAM 16 ONLY PART OF A COMPLEX DESIGN TO FLASH _ 

A WARNING NEAR ROAD CONSTRUCTION. Е 

“ГНЕ OPERATION OF THE COMPLETE СОСОТ IS NOT IMPORTANT AS WE 
ARE ONLY DEALING WITH THE RESET LINE. THIS 15 SHOWN IN BOLD 
LINES ON THE DIAGRAM. 


You SHOULD ALREADY ВЕ FAMILIAR WITH сир. FLOPS & DECADE 
COUNTER OUTPUTS BEFORE READING THIS. DISCUSSION. 


(д WHEN ONE OR BOTH THE COMPLE MENTARY. OUTPUTS 15 Low THE 
VOLTAGE ON THE ОЁ. RESISTOR WILL БЕ Low. & THE. 4017 WiLL GO то 
OUTPUT ~6" (PINS) & RESET THE ші | 


Von = SUPPLY LINE . 


DUAL `D FLIP FLOP (2) WHEN ВОТН THE 
COMPLEMENTARY 
OUTPUTS ARE 
HIGH THE ОК 
RESISTOR WILL 
GO HIGH WHEN 
бух рот “5! (PIN | 
је HIGH & THIS 
WiLL RESET THE 
4017: 


DIODES 1,2&3 FORM 
ам AND GATE 5 
425 FORM AN OR 
GATE. 


2 
0 
Ф 
Ф 
2 
(9; 
Ф 
а 
с 
ш 
О 
7 
2 
ш 
2 
4 


OTE: 
THe IOK RESISTOR 
RESETS THE 401 
Ж IN CASE аа TH 
1716 THe HIGH i ANO GATE ALLows" 
PULSES ON THE THE VOLTAGE 
SET & RESET LINES (ARROWED) To RISE 
WHICH ARE DETECTED VIA THE DIODES. 
__ BY THE FLIP FLOP. : 
LOWS ARE мот : 
OETECTED. THIS RESISTOR 
| PREVENTS THE 
RESET LINE “FLOATING! 


ғ 
ш 
(9 
и 
су 
ш 
ас 
= 
4 
а 
5 


и OUTPUTS 01, 02 ои OPERATE 1 IN CASE 9 & ONLY ФРІ &р2 WILL 
- OPERATE IN CASE 
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ча се зал Я со toag. 


Дем Such. ns A DECADE ДОМЕН | 
19765.15 042. В CO 4017 15. 
UTS. ЈЕ ка МЕХТ HIGHEST OUTPUT 


21 5 SOON 95. THE | 
4917 REACHES T 


М уи IMMEDIATELY _ i 

SUMP To THE. нф 
СГ FIRST OUTPUT (Рич 3) 
Я Seer aan | 


| муллы пы __ОМОЕ-ВХ—51Х 
г” |  REQUENCE | 


_ НЕ RESET LINE Ом В 4017 15 ACTIVE HIGH &THIS MEANS IT WILL 
= RESET THE CHIPWHEN ITIS HIGH 


ma RESET MUST ЊЕ КЕРТ Low FOR COUNTING То PROCEED. 


BINARY COUNTING CHIPS сам ALSO BE DESIGNED TO COUNT To A PARTICULAR 
__ NUMBER THEN RESET. EACH TIME THE RESET LINE IS ACTIVATED THE 
SIGNAL ALSO PASSES То A` ‘DETECTING STAGE “. 


ONE IMPORTANT POINT То NOTE WITH BINARY COUNTERS IN THE ‘RESET 
MODE’ 1S THE “NEW” VALUE FOR EACH OUTPUT. 
EACH OUTPUT IS WORTH ONLY HALF ITS NORMAL VALVE BECAUSE WE 
ARE WORKING IN THE ADDITION MODE. IN WHICH THE FIRST OUTPUT WILL. Go 


HIGH AFTER | PULSE, THE SECOND AFTER 2 PULSES & THE 24 AFTER, | 
4 PULSES. | 


BY 123 COUNTER. THE 7™ OUTPUT (THE | 
HIGHEST OUTPUT) GOES HIGH ON THE 647" | 
PULSE & REMAINS HIGH FOR THE NEXT 64 
PULSES. (SEE THE BINARY TABLE ON ? 35 
OF DIGITAL ELECTRONICS REVEALED ). TRS 

MEANS THE 777" OUTPUT CYCLES EVERY. 

212% PULSES, BUT IF WE ARE COUNTING. 

_ UPTO SAY 75 THEN RESETTING = THE, 

_ 7TH OUTPUT HAS A VALUE оғ ыя 


You CAN SEE THIS REASONING ом A СО anak ІС. ITIS A ОмоЕ _ 
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If you are wondering why a particular 
circuit fails to operate, even afier ex- 
haustive checking and testing, you are 
not alone. 

We have all experienced the frustra- 
tion. It seems to be particularly prevalent 
in electronics, where the skill of the 
designer is always being tested. 

There is a law covering the success of 
everything we do, it’s called Murphy’s 
Law. In essence it states: "If something 
can go wrong, it will.” 

Put mathematically, it states: 1 + 1 
hardly ever equals 2. 

Some authorities have held that 
Murphy’s Law was first expounded by H. 
Cohen when he stated that "If anything 
can go wrong, it will during a demonstra- 
tion.” 

However Cohen has made it clear that 
the broader scope of Murphy’s general 
law obviously takes precedence. 

І recently found an old magazine con- 
taining an article on this exact subject. It 
covers a list of examples, many pertain- 
ing to the field of electronics and en- 
gineering. 

This list is so true, it is worthwhile 
reproducing it: 

Any wire cut to length will be too short. 

A patent application will be preceded 
by one week by a similar application 
made by an independent inventor. 

The more innocuous a design change 
appears, the further its influence will ex- 
tend. 

All warranty and guarantee clauses 
become void upon payment of invoice. 
The necessity of making a major design 
change increases as the fabrication of 
the system approaches completion. 

Firmness of delivery date is inversely 
proportional to the tightness of the 
schedule. 

Dimensions will always be expressed 
in the least usable term. Velocity for 
example, will be expressed in furlongs 
per fortnight. 

An important Instruction Manual or 
Operating Manual will have been dis- 
carded by the Receiving Department. 
Suggestions made by the Value 
Analysis group will increase costs and 


reduce capabilities. 

In any given miscalculation, the fault 
will never be apportioned if more than 
one person is involved. 

Any error that can creep in, will. It will 
be in the direction that will do the most 
damage to the calculation. 

All constants are variables. 

Іп any given computation, the figure 
that is most obviously correct will be the 
source of error. 

A decima! point will always be 
misplaced, misread or missing. 

In a complex calculation, one factor 
from the numerator will always move into 
the denominator. 

Tolerances will accumulate unidirec- 
tionally toward maximum difficulty of as- 
sembly. 

Identical units tested under identical 
conditions will not be identical in the 
field. 

The availability of a component is in- 
versely proportional to the need for that 
component. | 

На project requires ‘n’ components, 
there will be "п-1" in stock. 

A dropped tool will land where it can do 
the most damage. (Also known as the 
law of selective gravitation.) 

A device selected at random from a 
group having 99% reliability, will be a 
member of the 1% group. 

A motor will rotate in the wrong direc- 
tion. 

The probability of a dimension being 
omitted from a plan or drawing is directly 
proportional to its importance 

Interchangeable parts won't. 

Probability of failure of a component, 
assembly, sub-system or system is in- 
versely proportional to ease of repair or 
replacement. 

If a prototype functions perfectly, sub- 
sequent production units will malfunc- 
tion. 

Components that must not and cannot 
be assembled improperly will be. 

A multimeter will be used on a highly 
sensitive range and will be connected 
backwards. 

The most delicate component мотор. 

If a circuit cannot fail, it will. 
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A fail-safe circuit will destroy others. 
An instantaneous power-supply crow- 
bar circuit will operate too late. 

A transistor protected by a fast-acting 
fuse will protect the fuse by blowing first. 
А self-starting oscillator won't. 

A crystal oscillator will oscillate at the 
wrong frequency - if it oscillates at all. 

A pnp transistor will be npn. 

A zero-temperature-coefficient 
capacitor used in a critical circuit will 
have a TC of - 750 ррт/ С. 

A failure will not appear till a unit has 
passed final inspection 

A purchased component or instrument 
will meet specs long enough, and only 
long enough, to pass incoming inspec- 
tion. 

№ an obviously defective component із 
replaced in an instrument with an inter- 
mittent fault, the fault reappear after the 
instrument is returned to service. 

After the last of 16 mounting screws 
has been removed from an access 
cover, it will be discovered that the 
wrong access cover has been removed 
‚After an access cover has been 
secured by 16 hold-down screws, it will 
be discovered that the gasket has been 
omitted. 

After an instrument has been fully as- 
sembled, extra components will be 
found on the bench. 

Specified environmental conditions 
will always be exceeded. 

Any safety factor set as a result of 
practical experience will be exceeded. 
Manufacturers’ spec sheets will be in- 
correct by a factor of 0.5 or 2.0, depend- 
ing on which multiplier gives the most 
optimistic value. For salesmen’s claims 
these factors will be 0.1 or 10.0. 

In an instrument or device charac- 
terized by a number of plus-or-minus 
errors, the total error will be the sum of 
all errors adding in the same direction. 
In any given price estimate, cost of 
equipment will exceed estimate by а fac- 
tor of 3. 

In any specification, Murphy’s Law su- 
persedes Ohm’s Law. 

The delay of a posted letter will be 
indirectly proportional to its urgency. 


ТНЕ ІМУЕМТІОМ ОҒ 
NOTHING 


- from an article by Ronald Froom. 

We take so many things for granted. 
Take the number system for example. 

It took thousands of years to develop 
the simple number system but it was not 
until the invention of the number zero 
that the system became a workable and 
valuable tool for making calculations. 

Here is how this came about. 

The concept of number belongs to 
societies that have reached a certain 
level of sophistication. Certain very 
primitive and illiterate societies - went по 
further than - ONE, the individual (me) - 
TWO, the two sexes (us) - and MANY. 
Even the ancient Greeks, with their insa- 
tiable curiosity about the world around 
them, stopped their numbering system 
at 10,000, all greater numbers being 
considered infinite! 

It is probable that the evolution of high- 
ly organized societies, where taxes and 
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What Engineering Developed 


Melbourne 


revenue (in terms of corn, animals, gold, 


What Marketing Asked For 


etc.) made necessary some form of ac- 
countancy, and man began to be aware 
of numbers and of the necessity of 
recording them. The ancient Egyptians, 
the Babylonians, the Maya and other 
such civilizations evolved; at а very early 
stage in their evolution, a satisfactory 
system of recording the number of 
things, but did not evolve a sysiem of 
recording that was adaptable іо arith- 
metical operations on the numbers. 

An important step forward was made 
when it was realized that numbers could 
be used not only to record but also to 
calculate. Since the systems of record- 
ing numbers did not permit direct arith- 
metical operations, it was necessary to 
invent a calculating device. This gave 
rise to the first computer - the abacus. 
invented independently in Rome, China 
and Japan, inslightly differing forms, this 
simple device of beads on wires per- 
mitted the operations of addition, sub- 
traction, multiplication and division. sub 

But the great breakthrough in numbers 
was achieved by the ancient Hindus. 


er. 


Sydney Adelaide 


"What De ign Specified 


22252222 EEE 


What Documentation Described 


who realized two fundamental 
parameters of апу numbering system: 

- the use of a sign to indicate zero -а 
radically new concept thai none of the 
earlier systems had considered; 

- the concept of positional notation, that 
is to say, that one can express any num 
ber Бу a very small number of signs (in 
fact 10) the signs being given а sig 
nificant value by their position ш the 
number as written 

With the invention of the Arabic (ог 
Hindu) numerais, man was able to carry 
out arithmetical operations directly on 
numbers as writen without the invention 
of any mechanical assistance 

This state ot affairs continued right up 
to the seventeenth century when еуоіу- 
ing scientific Knowledge required са! 
culations of greater complexity to Бе рег 
formed - hence the evolution ог the 
logarithm, slide rule. mechanical са! 
culator and now the electronic compute: 

But its the invention of the simple digit 
ZERO that has made all this possibie 


What Management Agreed O: 


EEE 


What ОА Approved How Marketing Changed It 


What The Cusiomer Wanted 


Perth Brisbane 
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Рћ: (03) 762 7644 
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Fax: (08) 364 2811 


ELECTRONICS NOTEBOOK 2 65 


Тһе Electret Microphone 


Almost all modern audio 
projects use a microphone called 
an ELECTRET MICROPHONE as 
the audio pick-up device. It is the 
cheapest and best on the market. 


Even though the electret microphone 
appears to be very simple, it із really an 
amazing piece of electronic engineering 
and yet very little has been written on 
how it works and how it is connected to 
acircuit. This article should change that. 

The electret microphone is one of the 
mostrecent microphones to come on the 
market. The earliest successful 
microphone was the carbon type as 
found in old-style telephones, then came 
the dynamic microphone, crystal 
microphone and a whole range of 
variations using these types of tech- 
nology. 

Then came the electret 
microphone. It is completely dif- 
ferent. It uses the latest technology. 

It is in the family of condenser 
microphones but uses a recently 
developed plastic for the diaphragm 
and a Field Effect device as the built- 
in amplifier. Its main advantage is 
high sensitivity and the fact that no 
potential is required to produce the 
polarising of the diaphragm. 

The first devices were produced by 
Bell Telephone Laboratories in the 
USA around 1969 and by the Sony 
Corporation of Japan. 

The electret microphone works on 
the principle of an electric field. This 
electric field is permanently applied 
to a sheet of plastic during manufac- 
ture and remains on the sheet for the life 
of the microphone. This was one of the 
most difficult things to achieve. As you 
know, an electrostatic charge soon dis- 
sipates from a charged body and getting 
the plastic to retain the charge was a 
breakthrough. This is called the electret 
phenomenon - the name coming from 
the analogy of the magnetic field in mag- 
netism. 

The electrostatic charges on the plas- 
tic diaphragm are permanently present 
due to the special type of metallised foil 
and the manufacturing process. 

The first electrets used very thin sheets 
of metallised florocarbon or polycar- 
bonate subjected to a strong electric 
field, so that the electrostatic charge 
remained on the material after the field 
was removed. 

Early electrets suffered from charge 
deterioration, especially in hot humid 
conditions but this has been overcome 
with more-modern plastics. 


electret diaphragm 


The electrets we use today are really 
INSERTS rather than "microphones" as 
the term microphone is the hand-held 
device containing the сотропепігу, with 
a cover and base etc. 

The electret insert looks like an 
aluminium case with two leads emerging 
at one end. The other end has a hole for 
the sound to enter and move the 
diaphragm. Over this hole is placed a 
thin piece of gauze to prevent dust and 
moisture from entering and touching the 
electret material. 

Inside the microphone there are only 
two components, the thin diaphragm 
(the electret material) and a Field Effect 
amplifying chip as shown in the first 
diagram. 

The chip has the code number K65 (or 


lead welded 
to plate 


insulated plate with 
air holes 


a similar number) and is either a simple 
FET transistor or as the early details of 
the electret device have stated, "an 
amplifying chip using Field effect 
devices." 

іп any case, the Field Effect amplifier 
requires only a very low voltage for it to 
operate. 

A supply voltage from .5v to 15v can 
be used with the appropriate load resis- 
tor. The load resistor should be at least 
10k per volt. This means for a supply 
voltage of Зу, the load resistor should b 
at least 33k. 

The chip will then draw its operating 
current and produce a voltage across 
the leads of the microphone of about 
50mV. This is sufficient for the 
microphone to work. Under normal con- 
ditions the output will be about 10 - 
30mV. 

Some microphones will produce a volt- 
age higher than 50mV as the DC com- 
ponent and this does not necessarily 
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aluminium plastic insulator to 


22 


hold plate and FET 


everything 


aa micro- 


K65 FET 
device 


INSIDE THE ELECTRET MICROPHONE 


signify a good device or a 
poor device. Itis one of the 
characieristics that cannot 
be altered and does not 
affect the operation of the microphone. 


The naturally- 
occurring 
charge on the 
insulated 
thick metal 
disk is 
passed to the 
Field Effect 
device for 
amplification. 


The charge-distribution on the 
electret microphone 


“2 front —— 


—— case of microphone 
goes to negative rail 
THE ELECTRET 
MICROPHONE 


output 
of 


phone 
printed 


circuit 
board 


HOW IT WORKS 


The audio entering the 
microphone moves the 
plastic diaphragm and this 
causes the naturally-occur- 
ring charge on a nearby 
thick metal plate to re-dis- 
tribute. 

The charge-movement then flows into 
a Field Effect chip that amplifies the 
charge to produce an output. 

We have shown negative charges 
entering the Field Effect device in the 
second diagram but this is only diagram- 
matical. The positive charge may, infact, 
flow into the amplifier. 

THE AIR GAP 

The spacer between the electret 
material and the plate produces the ALL- 
IMPORTANT air gap of the "capacitor" 
while the spacer on the other side is an 
annulus (ring shape) to hold the thin 
electret material in place. A plastic in- 
sulator holds the plate away from the 
metal case to keep it insulated. 

The thick metal plate has holes in it to 
allow the air to pass through as the 
diaphragm vibrates. The air space inside 
the microphone allows the air to pass to 
and fro without any restriction. 

The field effect chip is fitted inside the 
case with one lead welded to the metal 


plate and the other two being the output 
leads. 

It is necessary to use a Field Effect 
amplifier as it puts almost no load on the 
receiving plate of the capacitor and does 
not upset the charge-distribution when 
the microphone is operating. 

Although the electret microphone is an 
amazing device, it does have a number 
of problems and must be handled fairly 
carefully when soldering to prevent it 
being damaged. 

The quality of electret microphones 
ranges from extremely sensitive to very 
insensitive and this is determined during 
the manufacturing process. It cannot be 
altered after manufacture. 

The easiest way to determine the 
quality is to place a device in an 
amplifier, listen to the result and com- 
pare it with other devices. 

You can also adjust the value of the 
load resistor to get the best output. 

If the microphone is damaged (due to 
soldering etc) or if it is a low quality 
device, you will get a loud crackling in 
the output, similar to bacon and eggs 
being fried. Another cause of distortion 
is the wrong value of load resistor. If itis 
too high or too low, distortion will result. 

Figure 4 shows an electret microphone 
connected to an audio amplifier. Ri is 


microphone 
ER load resistor 


Ri 


Fig: 4. The electret mic 
connected to an audio 
amplifier. 


the load for the microphone and must be 
adjusted so that the microphone is 
operating cleanly. The value of this 
resistor will vary enormously from one 
brand of microphone to another and we 
have found the range to be from 4k7 to 
47k for a 3v supply. 

Electret microphones must not be con- 
nected directly to the supply (ie without 
the load resistor) as this will damage the 
FET inside the case. There are some 
exceptions and this is where the com- 
plexity comes in. 


3-LEADED 
MICROPHONES 


Some microphones (inserts) have 3 
leads. These have а load resistor inside 
the case and are designed to be con- 
nected directly to a supply. But before 
you do anything, you must make sure 
the microphone is a 3-leaded device as 
some look like 3-leaded devices but are 
really 2-leaded devices. 

| know this sounds complicated but 
some microphones have 2 leads AND 
an earth tag. To turn these into 2-leaded 
devices the lead near the earth tag must 
be connected to the tag. For some 
reason the manufacturer has left the 
case unconnected and by connecting 
these two leads together you create a 
microphone as shown in diagram 1. 

These type of microphones are really 
2-leaded types and must not be con- 
nected directly to the power rails. 

But if you have a genuine 3-leaded 
device you can connectitto the rails. But 
before you do, here is a hint: 

Connect a 10k resistor in series with 
the lead that goes to the positive rail and 
connect the combination to a 3v supply. 

Measure the voltage across the 
microphone. Ifitis greater than 1.5v, you 
can safely assume the device is a 3- 
leaded device and the 10k resistor can 
be removed. 


GETTING MORE 
TECHNICAL 


Let's get more technical. 

The voltage on the output of a 
microphone is made up of two com- 
ponents - a DC voltage and an AC volt- 
age. These can also be called the DC 
component and the AC component. 

The DC voltage is a product of the load 
resistor and the characteristics of the 
Field Effect device inside the сазе. It can 
be апу value from 50mV to 2v. 

The AC component is the output 
waveform and depends on the level of 
the audio entering the microphone. 


time 


= 
Fig: 5. The output of an electret 
mic. 


We will take the case where the 
microphone produces a DC level of 
50mV and has a 30mV AC waveform. 
When the microphone is producing this 
signal, the output will consist of a 50mV 
component with a 30mV AC waveform 


as shown in figure 5. 

The AC component will modify the 
50т\ DC to give a waveform 15тУ 
higher than 50mV and 15mV lower 
than 50mV. 

Н you measure the output of the 
microphone with a multimeter you will 
only detect the 50mV DC level but if you 
view it with the CRO (Cathode Ray Os- 
cilloscope) you will observe the AC 
waveform too. 

К the AC waveform is fairly regular 
(such as a sine wave) it will appear equi- 

` distant on the DC component such аз 
shown in figure 5. 

The best waveform to detect is a 
whistle. This is a fairly regular waveform 
and the CRO can lock on it to produce a 
steady picture. An audio waveform is 
very difficult to observe as itis constantly 
changing frequency. 

When measuring the output waveform 
with a CRO, the probe may introduce 
hum (50Hz or 100Hz waveform) and 
distort the output. This can be proven by 
listening to the audio via an amplifier, 
both before and after the PROBE is con- 
nected. 

К is very difficult to probe the front end 
of any audio amplifier without introduc- - 
ing hum and distortion and any results 
you see on a CRO must be treated ac- 
cordingly 


QUESTIONS 

1. Name the two components making 
up the "capacitor." 

2. Why does the thick metal plate inthe | 
microphone contains holes? 

2. Why is the metal plate insulated from 
the case? 

3. Explain: The DC component on a 
microphone із 100mV and the AC сот- 
ponent is ImV. 

4. Explain: The DC voltage on a 
microphone is 60mV and the АС com- 
ponent is 150mV. 

ANSWERS 

1. The electret material making up the 
diaphragm and the thick metal plate. 

2. To allow the air produced by the 
movement of the diaphragm to flow in 
and out of the gap between the 
diaphragm and the plate. 

3. The microphone appears to have 
the correct DC component but the AC 
waveform is very low. It may be due toa 
low audio input or the microphone may 
be damaged. ; 

4. The DC level appears to be correct. 
The audio entering the microphone must " 
be very loud for an output of 150mV to 
be produced. This may be a correct or 
false reading. In any case, the output will 
be distorted as the voltage can only rise 
60mV and fall 60mV without distortion 
А more-realistic figure is 50-100mV. з 
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| ат mortified by the number of ге- 
quests ! get from teachers and instruc- 
tors of electronics, asking for assistance 
with simple projects. 

"Where до ! buy Ти electrolytics?" 
"Where do | buy 5p6 ceramics?” or "I 


hought 25 Earwig kits and none of 
them могк ... 7 


The teacher responsible for this 
disaster bought the Farwig kits for 
a project at an electronics camp. He 
didn’t bother to do any homework 
by constructing one of them before- 
hand and obviously went blindly to 
camp, expecting them to work on 
the day. 

Well, he was disappointed, and 
blamed us for his failure. He then 
expected to be able to send them 
back for a refund! 

Another teacher cent 15 kits for 
repair, without any prior notifica- 
tion. The soldering on all of them 
was the worst | have ever seen... .d 
joints everywhere. He obviously had ab- 
solutely no idea how to solder and 
passed his incompetence to the stu- 
dents. Once again he blamed us for the 
kits not working and expected us to 
spend hours fixing them up. | wonder 
what he thinks we do at Talking 
Electronics? 

| am horrified that, after 12 years of 
producing electronics books. 
magazines and kits, only a tiny percent- 
age of electronics teachers have heard 
of us and use our products. Out of those 
that do. we get a high percentage of 
complaints. Из obvious that nothing is 
wrong with our kits (we sell tens of 
thousands to hobbyists and get nothing 
but praise - Praise mayonnaise), so 
something has to be done to educate the 
teachers! 


About 7 years ago we sent 2,300 
magazines to every school in Australia 
suggesting they subscribe to the next б 
issues, The result was 19 replies in 12 
months! 

This represents an interest-level of 
0.1%. We tried again in Tasmania last 
year with 150 magazines and received 
3 replies! 

If you are studying electronics as a 
school subject and want to learn as 
much as you can, it is up to you to tell 


using the Z-80 microprocessor. These 


your instructor of our existence and 
show him the books and projects we 
have to offer. 


We have produced books that start 
from the beginning of electronics and 
work up to a single-board computer 


Fig. 1: The siren layout І cannot follow. 


are available from Dick Smith Stores or 
directly from us. They start with Learning 
Electronics Books 1 and 2 and follow 
with Security Devices, Smart Security 
Devices and the Electronics Notebook 
series 1-6, of which you are currently 
reading number 2. 


Fig. 2: The Siren layout ! CAN follow. 


In these books we show you the right 
way to do things and tell you about 
things that the text books leave out. 


Things like how to draw а circuit 
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diagram, how to solder, how to put a 
project together and how to get it to work 
when it fails to respond. 


After putting so much effort into ex- 
plaining how circuits work and getting 
the descriptions exact, | am upset at 
some of the explanations | see in 
other magazines, expecially text 
books for beginners. School project 
books are the worst. 


Take the SIREN project | picked out 
of a year 9 workbook. 


The circuit diagram is shown in fig- 
ure 1. The student was required to 
construct the circuit and explain how 
it worked. 


| have been writing articles for more 
than 10 years and when | saw the 
circuit diagram, | had no idea how it 
worked or what it was supposed to 

do. | couldn't follow it at all. If I 

couldn't, how do you expect a student 

to explain it? 
Unless a circuit diagram is drawn іп the 
traditional way, it is absolutely impos- 
sible to work out what it is doing. 

| had to re-draw the circuit as shown іп 
figure 2 so that | could work out what it 
did. 

Then | had to sit down for more than 20 
hours, taking measurements with a mul- 
timeter, readings on a CRO and slow- 
ing the circuit down with other com- 
ponents, before | was able to describe 
its operation. In fact it took all weekend 
to finish the task. Sometimes the 
operation of a circuit is simple and 
sometimes it is very complex. 

The caption below the circuit stated: 
"the two transistor combination with 
the capacitor helps produce a push- 
pull effect between them.” 

This is entirely incorrect. The two 
transistors do NOT work in push-pull 
but rather they both turn on together 
then both turn off together. 


Тһе caption also stated "the 
capacitor decides what pitch is 
produced.” This is also incorrect; it is 
the resistor AND capacitor combina- 
tion that decides the frequency at 
which the circuit operates. 


Н you want a full explanation of how 
the circuit works, see Learning 
Electronics book 1 page 47. 


While | am in the critical mood | want 


to include two more circuits | сате 
across some time ago. 


Neither of them are good designs and 
| will explain their faults as we go. 


The first of these is a: 


MICRO-POWER PILOT 
LIGHT. 


The circuit is shown in figure 3. 


This circuit is a particularly poor 
design. A flashing LED circuit needs 
only 3-6v to work and anything 
above this is waste ofvoltage and 
reduces the overall efficiency of 
the circuit. The other poor design 
is the LED relies on stored energy 
from the capacitor for the flash. 
The result is a very weak output. 
You can hardly see it flash. The 
LED FLASHER circuit presented 
in Learning Electronics book 1, 
page 49 is much brighter, 
operates from 3 - бу and con- 
sumes less current. | suggest you 
try it. 

The one thing that you cannot 
work out from a circuit is its 
quality. You don’t know if the cir- 
cuit is a good design, if is reliable 
or if it is efficient ete. That's why you 
need me. | have built many of these 
circuits and know the faults. That’s why 
| have put this Notebook series together. 


FLASHING 
INDICATOR 


The third circuit (shown in figure 4) has 
been included for the description of how 
it works. 


It is totally incorrect. 
The author writes: 


"When the power is initially applied 
to the circuit, the 2u2 capacitor is 
slowly charged via the 150k resistor 
so that the LED end becomes posi- 
tive. At some point in the charge 
curve, the PNP transistor becomes 
forward biased so that it turns on and 
forward biases the NPN transistor 
into conduction. 


"Since Ше 2u2 is connected be- 
tween the base and collector of the 
two transistors, aregenerative action 
takes place so that the 2u2 is very 
rapidly charged in the opposite direc- 
tion. This rapid charging allows the 
NPN transistor to apply a brief pulse 
of current to the light-emitting diode 
so that it flashes. 


"Once the capacitor is fully 
charged, the voltage across the 150k 
resistor is almost equal to the supply 
voltage so that the PNP transistor is 
biased off. This switches off the NPN 
transistor so that the charging cycle via 
the LED and 150k recommences and 
the whole sequence repeats." 


What a pity this is all incorrect. 


The fault starts in the first paragraph. 
Here is what really happens: 


When the circuit is first turned on, the 


2u2 capacitor has no effect on the opera- 


tion of the circuit at all. You could take it 
out and the LED would still come on. But 
we won't take it out. We will leave it in 
and explain exactly what happens. 

At power-on, the 2u2 capacitor is un- 
charged and acts as a short-circuit be- 


Fig: 3. The MICRO-POWER PILOT LIGHT circuit 


tween its two ends but at the NPN end, 
the collector acts as if itis not connected 
to anything (it is called open collector) 
and the LED acts like a high impedance 
device too, so that even though the 
capacitor may be a short-circuit, the 
LED-end goes nowhere. 


The only transistor to be turned on is 
the PNP via the 150k and 10k voltage 
divider resistors. 

The NPN transistor is not turned on at 
the moment. 

The voltage on the base of the PNP is 
determined by the ratio of the 150k:10k 


Fig: 4. The FLASHING INDICATOR circuit. 


resistors and when the supply is Әу, the 
voltage is .56v. This із notenough to turn 
the transistor on so | don’t know how the 
author expected the circuit to start-up. 


If we reduce the 150k or increase the 
10k, the voltage on the base will rise to 
-бу and the circuit will just start-up. 


The major fault with this circuit is this 


voltage divider. As soon as the voltage 
of the supply goes below Әу, the circuit 
will stop. 

A much better arrangement is to 
remove the 10k and fit a 470k in place of 
the 150k. This way the circuit will work 
on voltages down to 3-4v. 


Anyway, back to the circuit: we have 
now got it to turn on (the turn-on resistor 
is designed to turn on the PNP transistor 
a small amount). The PNP allows cur- 
rent to flow in the 10k:1k resistors 
to turn ON the NPN transistor. 


This is when the NPN transistor 
turns on and allows current to 
flow in the LED to illuminate it. At 
the same time the 2u2 is pulled 
towards the negative rail and 
since it is т an uncharged condi- 
tion (аз we stated above), it pulls 
the base of the PNP transistor 
with it. This causes the PNP tran- 
sistor to turn on more. This action 
runs around the circuit very 
quickly until the NPN transistor is 
fully turned on and the LED is at 
full brightness. This action is 
referred toas REGENERATION. 


The NPN transistor cannot turn 
on any more and the 2u2 pulls the base 
of PNP towards the negative rail fairly 
strongly. 

The 2u2 begins to charge very quickly 
via the emitter-base junction of the PNP 
transistor and collector-emitter junction 
of the NPN transistor. As it does, the 
pulling effect on the base of the PNP is 
reduced. At a certain point in its charge 
cycle, the charging current reduces to a 
point where the PNP begins to turn off 
slightly. This effect is passed to the NPN 
transistor where the voltage on the col- 

lector rises and reduces the pull on the 
base of the PNP transistor almost 
completely. 


This causes both transistors to turn 
off more and more until they are both 
fully turned off. This will make the 
right-hand end of the 2u2 rise up toa 
point where it is "the characteristic 
voltage drop” (about 1.7v) below the 
positive rail. 

If the capacitor has Зу across it, the 
left-hand end will be 1.Зу ABOVE 
RAIL VOLTAGE! and it will begin to 
discharge through the base-bias 
resistor (either 150k, or the 470k as 
suggested) until the voltage on the 
base is again .6v below rail voltage, 
when the PNP transistor will begin to 
turn on and repeat the cycle. 

This circuit is very complicated, for 
what it does. li you want a better circuit, 
with fewer parts, see our LED Flasher 
circuit in Learning Electronics book 1 
page 49. 
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HOW А SWINGING 
MOBILE WORKS 


We have all seen mobiles that swing 
back. and forth in shop windows - they 
attract our attention. 

These-clever devices use a combina- 
tion of mechanics, electrics and 
electronics to produce an amazing 
visual effect. 

Their operation is so simple yet posi- 
tively brilliant. Learning how they work 
will help you understand many other 
electrical and electronic components in- 
cluding the loudspeaker, transformer, 
tank circuit and how a transistor turns 
ON and OFF. 


Fig 1: The effect of passing a magnet into 
and out of a coil 


Before we go into the 
principle of operation of a 
mobile we need to cover 
some of the basic rules of 
electromagnetism. 

In figure 1 we have a coil 
of wire connected to a 
centre-zero voltmeter. 


(a) When the magnet is 
moved towards the coil, 
the needle will read up- 
scale. When it is 
withdrawn the needle will 
read down-scale. This 
shows voltage is 
produced in one direction 
when the magnet ap- 
proaches and in the other 
direction when the mag- 
net is withdrawn. 

(b) If the magnet is 
moved quickly into the 
coil the needle will 
produce a higher reading 


Magnet on end of 
pendulum 


netic force. 


These are the three facts you need to 
remember when studying the operation 
of the mobile. 


HOW THE MOBILE WORKS 


The mobile consisis of two coils of wire 
wound on top of each other and 
mounted in the base of the mobile. Along 
with this is a transistor, a current-limiting 
resistor to prevent the base from being 
damaged and a power source such as 
two cells or а Оу battery. 

The circuit diagram shows the coils 
separately but in fact they are wound 
together to form an electromagnet. The 
pendulum of the mobile contains a mag- 
net and it is important that the north pole 
is down, for the circuit to work. If the 
south pole is down, the windings of the 
coils would have to be around the other 
way. 

The direction of winding of the two coils 
is also important as is the connection of 
the ends of the coils to the emitter, nega- 
tive rail and current-limiting resistor. 
When you have all these correct, the 
circuit will work. 

When the supply is connected, the tran- 
sistor will not turn on since the base has 
no voltage on it and thus no current is 
drawn from the battery. 

To start the circuit working, the pen- 


R 


The transistor supplies energy to the 
main coil and the flux produced by this 
coil cuts the turns of the exciting coil and 
turns the transistor ON even harder. This 
process continues very rapidly until the 
transistor is fully turned on and the main 
coil is producing maximum flux. 

This flux pulls the magnet closer and 
gives the pendulum a small amount of 
energy so that it can maintain the swing- 
ing action. 

However there’s an important fact we 
must not over-look. When the main coil 
is producing maximum flux, the flux is 
not increasing in value and thus it is not 
cutting the turns of the exciting coil and 
so the transistor is not being kept on. 
What is happening is the magnet is get- 
ting closer and its flux is cutting the turns 
of the exciting coil, thus keeping the 
transistor on. 

When the magnet reaches the bottom 
of its travel, the relative forward motion 
between the magnet and the exciting 
coil is zero and so the voltage in the coil 
drops to zero. This turns the transistor 
off and as the magnet swings up the 
other side, the voltage produced by the 
exciting coil reverses and does not have 
any effect on the transistor. 

The cycle repeats when the pendulum 
advances towards the coil from the op- 
posite direction and the effect we see is 

"perpetual motion” as 
there are no wires or 
motors touching the 
pendulum - it’s all done ° 
with magnetism! 

The pendulum can 
have extra counter 
weights or secondary or 

ү tertiary pendulums to 
produce all sorts of іп- 
treguing effects. 

Even a gyroscopic 
wheel on a curved in- 
cline operates in exactly 
the same way. It has a 
magnet imbedded in the 


circumference and as it 
passes the coil, it 


EXCITING COIL 
(excites the 
transistor to turn 


than if moved slowly. This 
shows the voltage is de- 


MAIN COIL 


pendent on the speed of 
the magnet. 

(c) If the magnet is 
moved into the coil and 
held stationary, the 
needle will move to the 
centre (zero) position and remain at 
ZERO. This means it is NOT the mag- 
netism that creates the voltage but the 
· increasing or decreasing lines of mag- 


it ON 


CIRCUIT IN BASE OF MOBILE 


dulum is pulled back and as it swings 
towards the two coils it produces a volt- 
age in the "exciting со!" that turns on the 
transistor. 
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receives a brief pulse of 
energy that keeps it 
spinning. 

Very old battery clocks 
using a balance wheel 
(a wheel with hair- 
spring) employ the same principle too. 

A magnet attached to the balance 
wheel has energy imparted to it each 
time it passes the coil. 


ТНЕ 
ТАМК 
CIRCUIT 


also called the TUNED CIRCUIT or 
PARALLEL RESONANT CIRCUIT. 


In Talking Electronics Magazines such as FM Bugs, More FM 
Bugs and Bugging, we covered a number of oscillator circuits 
using a parallel resonant circuit. 

The frequency at which these oscillators work depends on a 
number of factors including the value of the components, the 
type of transistor and the temperature at 
which the circuit operates. 

In this section we will look at two com- 
ponents that are the heart of these oscil- 
lators. 

The two components are a СОШ and 
capacitor and when they are placed in 
parallel, they produce a circuit that has a 
natural frequency of oscillation. It is called 
a TANK CIRCUIT 

When you pump a burst of energy into It 
at exactly the right moment, the coil and 
capacitor respond by producing a 
sinewave. 

The way we do this is the point of our 
discussion and we will see that the energy 
firstly passes into the capacitor and is then 
transferred to the coil. After a short period 
of time the energy flows back to the 
capacitor and it keep oscillating back and 
forth until the losses in the circuit reduce 
the energy to zero. 

This is quite an amazing effect for two 
seemingly simple components and is one 
of the earliest phenomena to be dis- 
covered. Without it, electronics would 
never have got off the ground; certainly not 
in the radio field. 

It is the basis to all transmitters as well as 
many other types of radio circuits. The 
name "Tank Circuit” came from ham radio 
operators who used a coil and capacitor in 
the output of their transmitters to improve 
the output. The circuit stores bursts of h 
energy from the output stage like a tank 
and delivers it smoothly to the antenna. 

But how it does this is the question. The 
answer is complex, so follow through and 
we will make it clear. 

When a short burst of energy is fed into a 
tuned circuit, some of it flows into the coil 
and this creates magnetic lines of force 
called flux as shown in figure 1. These lines 
cut the turns of the coil and create an 
opposing voltage that has the effect of 
pushing against the incoming energy. 

This means the applied voltage finds it very difficult to flow into 
the coil but the capacitor is uncharged and it readily accepts 
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Fig. 1: When energy is fed into the TANK 
CIRCUIT, about 90% fills the capacitor 
and 10% goes to the coil 
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Fig. 2: Energy flows from the capacitor 
to the coil to produce magnetic flux. 
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Fig. 3: When all the energy in the 
capacitor has been released, the mag- 
netic flux starts to collapse and it cuts 
IN THE OPPOSITE DIRECTION. 
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Fig. 4: The capacitor is now charged IN 
THE REVERSE DIRECTION and begins to 
supply the coil with energy to produce 
magnetic flux to complete the cycle. 


the energy. For the purpose of our discussion, the burst we give 
the circuit nearly fills the capacitor and then we then remove 
the voltage. The parallel tuned circuit is now self-contained and 
where the initial charge found it difficult to supply energy to the 
coil, the capacitor starts to deliver its charge to the coil over a 
longer period of time until all of it has been delivered and 
converted to a magnetic field as shown in figure 2. 

At this point the magnetic field starts to collapse. As it does, it 
produces a voltage that has an opposite polarity. This makes 
the energy start to flow in the opposite direction to charge the 
capacitor with an opposite polarity as shown in figure 3. When 
the field has fully collapsed, the capacitor starts to deliver its 
charge to the coil. This time the current flow is in the opposite 
direction to that in the beginning of our discussion and all the 
energy is converted to magnetic flux as shown in figure 4. This 
process continues, to complete a full cycle. 

There are losses in the conversion of energy into magnetic 
flux and back into electrical energy and each time the energy 
flows back and forth, the amplitude is reduced a small amount. 

An external driving circuit is required to deliver energy at 
exactly the right part of the cycle so that the losses are replaced 
and the full amplitude is maintained. The 
ў driving circuit monitors the waveform and 
0 2 turns on at exactly the correct instant. 

energy The result is a sinewave that can have 
NOT an amplitude greater than the applied 
el ei, voltage - we will discuss this next. 

905 The reason for this is due to the сой. The 
collapsing magnetic field produces a 
reverse voltage and depending on the 
speed with which the field collapses, so 
the voltage is determined. If this voltage 
is double the applied, the quality factor or 
"С" factor is 2. If the voltage is 10 times, 
the Q factor is 10. 

Some parallel resonant circuits can have 
a Q factor of 20, 50, 100, 500 or more. It 
all depends on the coil and the percent- 
age of energy tapped off for monitoring 
etc. 

The tuned circuit is very important. Even 
though it appears to be very simple, it 
takes a lot of skill to design for the correct 
а. 

Тһе physical size of the coil апа 
capacitor must be worked out as well as 
the correct value and placement of the 
parts as the current that circulate between 
the two can be higher than the current 
entering the circuit! 

A high Q arrangement is required in a 
receiver to obtain good selectivity - so that 
adjacent stations can be separated from 
one another. A low Q will cause them to 
come through in a jumble. 
| Atank circuitin the output of a transmitter 
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= will һауе a low О as most the energy will 
be transferred to the antenna during each 
+ cycle and its main function it to match the 


output stage to the antenna, rather than 
provide a high Q factor. 

Whenever you see a resonant circuit you 
must study all its aspects because the 
voltage and waveforms that are being 
generated are not obvious from the com- 
ponent values or even the coil details. To 
fully investigate something like this you need a CRO (Cathode 
Ray Oscilloscope) to view the waveform and the amplitude. 


This will be discussed later. 
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ACTER старане и) NOTEBOOK, ATEST мы 
UNDERSTAND WHAT. You HAVE READ. 


THIS TEST SHOULD. BE ATTEMPTED. ONLY. PEIER READI [ 
BOOK . THE ANSWERS ARE PROVIDED ON THE NEXT. ра 
A RATING. МОЈ SHOULD GET AT FEAST 75% FOR я PASS 
| WHAT DOES 4001 MEAN? пее И 
2, WHAT DOES “n” “MEAN? 
3. WHAT 15 AN ELECTRET ЕВЕ | 


4. WHAT IS AN MEL -12 0 МЕ cies 
5, WHAT IS THE MEANING OF "WIRED HIGH OR "WIRED Low. 
_ How бо You ‘DECOUPLE A eatery? 
7. WHAT IS THE MEANING OF PUSH- роц? “ай г дары сак 
& WHAT IS THE DIFFERENCE BETWEEN LOAD RESISTOR Кснавмт LIMIT т RESTOR 


9. GWE 2 OTHER NAMES FOR A SuPER- ALPHA PAIR. D PE ko 


Ю. WHAT 16 THE DIFFERENCE BETWEEN A SLOW WAVE FORM. иа: Slow. наг с: 
||, WHAT 16 THE ісері. WAVESHAPE | тоё CLOCKING DIGITAL CIRCUITS | 12) ма СШ 


12, GWE Э REASONS WHY WE NEED То COMBINE A TRANSISTOR, WITH. A BES: ) ін 
13. HOW маму. DIL PACKAGES ARE AVAILABLE, dist THEM. | ни («) 
14. WHY MUST UN-USED, INPUTS то GATES BE TIED HIGH OR Low. 
15. WHAT IS THE MEANING OF A ‘BUFFER’ RESISTOR? 
16. How Do You IDENTIFY PIN 4 ом я CHIP. 
17. WHAT 15 THE VOLTAGE DROP ACROSS N RED LED, 
19, For A Оу CIRCUIT, WHAT DOES HIGH MEAN. 
19. WHAT DOES A MEAN WHEN WRITING тесла, 
20. conari 0055. CLOCK MEANS- 
„зз kailh 


8 22. wuar 5 THE ur туғ, oF SINE-WAVE OSCILLATOR т | 
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С.І. IN400) DIODE , CO ход! IC. 


14. То PREVENT THE GATE SELF- OSCILLATING. 


оотрот © 


3. A MICROPHONE WiTH A CAPACITOR DIAPHRAGM & A FET A 
Я обе малом PHOTO TRANSISTOR. 


COUPLED TRANSISTORS . ONE ONLY 


WHAT 15 ANOTHER. NAME FORA COMMON COLLECTOR STAGE? (Ù 


PLIFIER.. 


5 WHEN THE OLTPUT DEVICE 
(RELAY, GLOBE ETC) 15 WIRED BETWEEN POWER RAIL AND DRWER. 
| 6, PLACE AN ELECTROLYTIC ACROSS THE BATTERY. 7. TWO DIRECTLY — 

15 WORKING AT ANY PARTICULAR 


WHAT IS THE MAXIMUM VOLTAGE AN EMITTER FoLLowER STAGE CAN 


(2) 


ARE POWER CONNECTIONS USLALLY SHOWN ON SYMBOLS 
Кан Ot DIGITAL GATES 2 (1) 
Т PA ON а DIAGRAM OF В CHIP, WHAT DOES “ыс MEAN ? (1) 
27 COURT DOES смо, Ма Мрр MEAN? (3) 
28. GWE 2 MORE ABBREVIATIONS FoR DIL PACKAGES. (2) 
46, WHY DOES INHIBIT MEAN THE SAME AS ENABLE 7 (2) 
Зо. HOW Do YOU DISTINGUISH BETWEEN A MONOSTABLE MULTIVIBRATOR. 
LAN ASTABLE MULTIVIBRATOR ? (2) 
21. NAME 2 COMPONENTS WHICH ARE чот POLARITY SENSITIVE. (2) 
32. Gwen 2 SIGNAL DIODES & ONE RESISTOR HOW MANY TYPES 
Об GATE CAN BE CONSTRUCTED. | (2) 
33. SHOVLO A CHIP BE STORED IN STYRENE ТОМ ? (9 
YOU MUST GET AT LEAST tf | 2% 
_ ANSWERS 


2. п. MEANS NANO In = Бооор( oR "00! MFO 


“ГІМЕ, 9. МО SET RULE, BUT НЕВЕ 15 A GUIDE: LOAD RESISTOR: DURING PART 
OF THE CYCLE ,FULL Аби VOLTAGE WILL APPEAR ACROSS IT. CURRENT LIMIT: 


SUPPLIES THE COMPONENT WITH A MAX CURRENT (OR MIN. CURRENT) TO 
_OARLINGTON PAIR, SUPER- TRANSISTOR, 
Stow RISE -ТИМЕ , Low 
IZ. AMPLIFYING 


PREVENT IT BURNING OUT, 
COMPOSITE PAIR, DARLINGTON TRANSISTOR.. 
FREQUENCY Вот мах BE GOOD WAVEFORM. 


10. 
и. SQUARE. 


A LOW OUTPUT VOLTAGE DEVICE, ORWING HIGH -CORRENT LOADS, INTERFACING 


A Svarcuit To A Ву URUT, 


QRESIGIOR, 16. NOTCH OR PIMPLE ON THE CHIP. 17. 7м 


13. GIy 16,18, 20,22,24 28,40, 64. 
15. A CURRENT PROTECTION 
18. FROM 7v — Оу. 


19. THERE AREG GATES им THE CHIP. 20. М м/а. CLOCK WHEN LOW. 21. DIODES, 
(Со, TRANSISTORS, LEOS, ELECIROLYTICS, 22, PHASE -SHIFT 23, EMITTER - 


FOLLOWER. 24. RAIL VOLTAGE —° 2v. 
IT. GROUND, POWER RAIL, POWER RAIL. 


25. мо. 
ін аа БТ ІТ 
INHIBIT WHEN Low & ISTHE SAME AS ENABLE WHEN 


сарастов,; TWO CAPACITORS. 31. RESISTORS, GLOGES, RELAYS. 
GATES. 32 мо. вот OK IF You USE ALFOIL OVER THE Foam & PUSH 


THE PINS THROUGH THE FOIL. 


26. NO CONNECTION. 
29. THE CHIP WiLL 
HIGH. ЗО, ONE 
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LED Flasher 
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Making your own PC boards 
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NAND Gate 
NOR Gate 
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OR Gate 
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